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ABSTRACT 
Dutchak, Alexander R. (Ph.D., Geological Sciences, Department of Geological Sciences) 
Mammalian faunal change during the Early Eocene Climatic Optimum (Wasatchian and 
Bridgerian) at Raven Ridge in the northeastern Uinta Basin, Colorado and Utah 
Thesis directed by Assistant Professor Jaelyn J. Eberle 
This project investigated patterns of mammalian faunal change at Raven Ridge, 
which straddles the Colorado-Utah border on the northeastern edge of the Uinta Basin 
and consists of intertonguing units of the fluvial Colton and lacustrine Green River 
Formations. Fossil vertebrate localities comprising >9,000 fossil mammal specimens 
from 62 genera in 34 families were identified and described. Included in this fauna are 
the index taxa Smilodectes, Omomys, Heptodon, and Lambdotherium, among others, 
which were used to biostratigraphically constrain the Raven Ridge strata as mid-
Wasatchian (Wa3-5, ~53.5mya) through mid-Bridgerian (Br1b, ~48.5mya) in age. This 
time interval coincides with the Early Eocene Climatic Optimum (EECO), an extended 
interval of globally warm temperatures that is coincident with a large negative δ13C 
excursion. 
The onset, peak, and decline of the EECO at Raven Ridge were constrained by 
analyzing 197 sediment samples, collected from measured sections at Raven Ridge, for 
Total Organic Carbon (TOC) content and then chemostratigraphically correlating this 
data with established marine isotope curves. The Raven Ridge TOC data show a large 
negative carbon excursion that starts during the Wa6 biochron, peaks during the Wa7 
biochron, and is followed by a positive excursion near the Wa-Br boundary. Results of 
the chemostratigraphic correlation are consistent with onset of the EECO at Raven Ridge 
iii 
occurring during the Wa6 biochron, the peak of the warm interval near the Wa-Br 
boundary, and the decline of the EECO during the Br1a and Br1b biochrons. 
Generic diversity of the mammalian fauna from Raven Ridge is relatively stable 
during the onset and peak of the EECO, with a sharp decline during the Br1b biochron. 
The relative abundance of arboreal taxa increases significantly during the EECO interval, 
which is consistent with the appearance of dense tropical forests in central North America 
during this period. This change in habitat structure is marked by an increase in abundance 
of omomyids primates and a decrease in abundance of terrestrial taxa such as Diacodexis 
and hyopsodontid ‘condylarths’. The results of this study show equivocal support of the 
hypothesized direct link between higher global temperatures and increased mammalian 
generic diversity during the Wa-Br transition, but are consistent with ecological 
restructuring associated with climate-driven habitat change. 
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CHAPTER ONE 
 
PURPOSE OF STUDY AND PREVIOUS RESEARCH 
 
 In this chapter, I outline the goals of my research and the methods used to achieve 
those goals. I introduce the Early Eocene Climatic Optimum (EECO) as well as 
temporally correlative North American continental fossil localities, and I discuss how 
previous studies have attempted to link mammalian faunal change to climatic change 
throughout this time interval.   
 
INTRODUCTION 
 It is often useful to investigate past events when attempting to better understand 
the workings of the modern world. One case where such an action is merited is studying 
the Earth’s changing climate and investigating how fluctuations in climate may affect the 
Earth’s ecosystems. As the planet’s climate continues to change, the examination of 
warm climates in Earth’s past shed light on what we might expect during future episodes 
of climatic warming. 
 One period of extreme global warming was the Early Eocene Climatic Optimum 
(EECO), which was the culmination of a long-term global warming trend that started in 
the late Paleocene (Tiffanian) and peaked for a three-million-year interval from 53-50 Ma 
(Kennett and Stott 1990, Woodburne et al. 2009a, b, Zachos et al. 2001) This warming 
event is recognized worldwide in marine strata (Zachos et al. 2001 and references 
therein) and on the North and South American and European continents (Cojan et al. 
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2000, Payros et al. 2006, Wilf 2000, Woodburne et al. 2009b). The EECO marks the 
warmest extended period in Earth’s history in the past 65 million years and the peak of  
North American mammalian diversity during the Eocene (Woodburne et al. 2009b). 
 The purpose of this study is to use the strata and mammalian faunal assemblages 
from Raven Ridge on the northern Colorado-Utah border (Fig. 1, Plate 1) to investigate 
the mammalian faunal changes in the northeastern Uinta Basin that correlate temporally 
with the onset, peak, and subsequent decline of the EECO and may therefore be 
climatically driven. Given the challenges with demonstrating a direct cause-and-effect 
relationship between past climate and faunal change, I instead focus on determining if 
there is correlation between faunal and climatic change during the EECO at Raven 
Ridge. The mammalian faunas of Raven Ridge are ideally suited to study this time period 
as the numerous fossil localities provide an excellent record of faunal diversity and 
relative abundance throughout the Wasatchian-Bridgerian boundary period. My study 
required identification of the EECO as well as patterns of faunal change within a 
temporally-constrained stratigraphic interval spanning mid Wasatchian (Graybullian or 
Wa3-5) through early Bridgerian time (Blacksforkian or Br1b-Br2). For this study, the 
temporal constraints were provided by bio- and chemostratigraphy, the faunal patterns 
were identified through the use of mammalian fossils anchored to a lithostratigraphic 
framework, and the climatic patterns were identified through analyses of atmospheric 
carbon isotopes from sediments, and subsequent correlation to marine carbon and oxygen 
isotope curves (Katz et al. 2005, Kennett and Stott 1990, Zachos et al. 2008, Zachos et al. 
2001).  
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Figure 1: Map of the major basins of the Western Interior of the United States. The location of 
Raven Ridge is indicated by the star. Abbreviations: BB, Bridger Basin; BH, Bighorn Basin; GD, 
Great Divide Basin; GR, Green River Basin; HP, Huerfano Park Basin; PC, Piceance Creek Basin; 
PR, Powder River Basin; SW, Sand Wash Basin; UB, Uinta Basin; WR, Wind River Basin. 
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I use this first chapter to outline my research project and provide a background of 
previous research that has been done on climate change during the EECO and concurrent 
mammalian faunal change in the late Wasatchian (Wa) and early Bridgerian (Br) North 
American Land Mammal ‘Ages’ (NALMA). In Chapter Two, I describe the geology of 
Raven Ridge and construct a lithostratigraphic framework to correlate between, and 
provide relative temporal constraints for, the fossil localities scattered throughout the 
field area. I also note how changes in lithology have been interpreted by previous 
workers to indicate a variety of paleoenvironments, as well as the strengths and 
weaknesses of the fossil collecting techniques used by previous workers. 
Chapter Three provides systematic description of the mammalian taxa from 
Wasatchian (Wa3-7) and Bridgerian (Br1a and Br1b) localities at Raven Ridge.  
Chapters Four and Five describe the analytical techniques used for the acquisition 
of the geochemical data. The Total Organic Carbon (TOC) data (Chapter Four) is used 
for both local and global chemostratigraphic correlation that, in turn, allows for 
conclusions to be drawn regarding climate and timing of events at Raven Ridge. I also 
used laser ablation (Chapter Five) to measure carbon and oxygen isotope values in 
mammalian tooth enamel from localities along Raven Ridge, in the hopes of 
corroborating the TOC data and tracking the EECO. These laser ablation results, 
however, appear to have been obscured by diagenetic alteration during the fossilization 
process, and thus are not useful as chemostratigraphic or climatic markers.  
Using the data from Chapter Three in conjunction with the stratigraphic data from 
Chapter Two, I provide a biostratigraphic framework that allows the recognition of 
patterns of mammalian faunal change throughout the EECO at Raven Ridge in Chapter 
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Six. The results of this faunal analysis, when considered with the geochemical results 
from Chapters Four and Five, allow for comparison between the timing of global climate 
change and mammalian faunal change at Raven Ridge. 
A summary of the project and its resulting conclusions is presented in Chapter 
Seven. 
 
PREVIOUS RESEARCH 
 The EECO encompasses portions of the Wasatchian (Wa6 or Lysitean and Wa7 
or Lostcabinian) and Bridgerian (Br1a or Gardnerbuttean) NALMA in North American 
continental strata (Gunnell et al. 2009, Woodburne et al. 2009b). The faunal transition 
from the late Wasatchian to the early Bridgerian in the Rocky Mountain Region is 
typified by the diversification of omomyine and anaptomorphine omomyid primates, the 
arrival of the first brontotheriids (Palaeosyops) and the loss of notable taxa such as the 
isectolophid Homogalax, the hyopsodontid ‘condylarth’ Apheliscus, and notharctid 
(Pelycodus) and omomyid (Absarokius) primates (Robinson et al. 2004, Woodburne et al. 
2009a). 
Several mammalian faunas that span the Wa–Br boundary in the Western Interior 
have been studied in detail by previous workers. The first to be described was the 
Huerfano Park fauna from the Huerfano Basin in south-central Colorado (Robinson 
1966). Robinson’s research expanded upon a series of prior investigations by American 
Museum of Natural History (AMNH) researchers dating back to the late 19th century 
(Denison 1938, Hills 1889, Osborn 1897, 1929, Wheeler 1960), and resulted in definition 
of the Gardnerbuttean subage based on what Robinson considered to be a transitional 
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latest Wasatchian fauna between the Lostcabinian (Wa7) and Blacksforkian (Br1b and 
Br2) subages (Robinson 1966). More recently, the Gardnerbuttean has been re-defined as 
the lowest subage of the Bridgerian NALMA and incorporated into the Br1a biozone 
(Robinson et al. 2004, Woodburne et al. 2009b). 
 An exceptionally diverse fauna from the Wind River Basin in central Wyoming 
that spans Wa6-Br1a was described over the course of several decades by a variety of 
workers (Beard et al. 1992, Dagosto et al. 1999, Dawson et al. 1990, Hirsch et al. 1987, 
Korth 1982, Krishtalka and Stucky 1983, 1985, Redline 1997, Rose et al. 1991, Stucky 
1982, 1984a, b, Stucky and Krishtalka 1983, 1990). While the Wind River fauna includes 
excellent examples of Lysitean (Wa6), Lostcabinian (Wa7) and Gardnerbuttean (Br1a) 
diversity, lithologic correlation between localities representing the different subages has 
proved elusive, largely due to the wide dispersal of fossiliferous outcrops. However, 
despite imperfections in the stratigraphic record, the sheer amount of fossil data provided 
by the Wind River fauna has made it the focal point for comparison of all other Wa–Br 
research. In addition to ongoing work on the vertebrate fauna, researchers from the 
Denver Museum of Nature and Science (DMNS) have recently begun excavating 
paleobotanical sites in the area which should provide further paleoecological and 
paleoclimatic data (R. Stucky, pers. comm.).  
To the southwest of the Wind River Basin, a Wa–Br fauna has been described 
from the South Pass area at the northeastern edge of the Green River basin by researchers 
from the University of Michigan and Albion College (Gunnell 1995, Gunnell and Bartels 
2001b, Gunnell and Yarborough 2000). Although specimens from South Pass are far less 
numerous (the entire collection is <2500 specimens) than those collected in the Wind 
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River Basin, the South Pass fauna has been instrumental in identifying differences 
between basin margin faunas such as South Pass, and those from basin centers such as the 
Wind River fauna (Gunnell and Bartels 2001b). These authors hypothesized that 
increased topographical complexity due to close proximity to a mountainous basin 
margin resulted in more diverse and varied habitats, which, in turn, resulted in faunas that 
were distinct from their basin center correlatives based upon the presence of “distinctive 
taxa, unique taxa, taxa of unique morphological form, and anachronistic taxa” (Gunnell 
and Bartels 2001b). This hypothesis will be tested in Colorado when the Raven Ridge 
fauna, collected on the margin of the Uinta Basin, is compared to both the South Pass and 
Wind River collections. 
Another basin margin faunal assemblage that spans the Wa-Br boundary was 
described by Gunnell et al. (1992) from the Wapiti Valley in Wyoming’s Bighorn Basin. 
While the Wapiti Valley faunas span the Wa7 and Br1a biochrons (and possibly Wa6; 
Gunnell et al. 1992), the entire collection is composed of ~70 mammalian specimens 
spread across ~500m of the Willwood and Aycross Formations (Gunnell et al. 1992). The 
paucity of fossils at the Wapiti Valley localities makes it difficult to conduct any sort of 
faunal analysis with respect to fluctuations in diversity and relative abundance throughout 
the EECO.  
Finally, the Wa-Br faunal transition is documented at the Citadel Plateau in the 
northern Piceance Creek Basin (Burger 2009, Honey 1990, Izett et al. 1985, Kihm 1984). 
The Citadel plateau collection is composed of > 4,000 specimens, most of which are of 
early Bridgerian age. The early Eocene (Wasatchian) mammalian faunas of the Piceance 
Creek Basin have been described in detail (Burger 2009, Kihm 1984), but the Bridgerian 
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localities have yet to receive much attention. The Citadel Plateau fauna is problematic in 
that the Wa7 localities at the base of the Plateau are separated from the Br1a localities on 
top of the plateau by >400m of unfossiliferous limestone of the Green River Formation. 
This large gap between biostratigraphically useful localities negates the possibility of 
observing high resolution patterns of faunal change throughout the Wa–Br transition. 
Part of the Raven Ridge fauna was the subject of a Masters project by Kentaro 
Doi at the University of Colorado (Doi 1990). Doi’s study focused on the paromomyid 
and omomyids primates from Wasatchian strata, and did not document changes to any 
other taxa from the Raven Ridge fauna or analyze changes across the Wa–Br boundary. 
Doi’s (1990) research, however, did result in the expansion of the UCM fossil collections 
from Raven Ridge, now including some 9,500 specimens which remain largely 
undocumented and unpublished, which was a major impetus for the current study. 
Major climate changes during the EECO in the Western Interior of North America 
have been noted through examination of paleobotanical and geological evidence (Smith 
et al. 2008, Wilf 1994, Woodburne et al. 2009a, b). The paleobotanical data from western 
Wyoming are consistent with a Mean Annual Temperature (MAT) increase to >20oC 
during the onset of the EECO (Wa6-Wa7) and wet conditions similar to those found at 
current tropical latititudes (Wilf 2000). These conditions are hypothesized to have given 
way to cooler and more seasonally wet conditions during the early Bridgerian (Wilf 2000, 
Woodburne et al. 2009b).  
The interpretation of wet conditions appears at first glance to be contradicted by 
the presence of large evaporite deposits in the Green River Formation throughout the 
EECO (Smith et al. 2008) in Wyoming, Colorado, and Utah. Evaporite minerals such as 
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the gypsum that is common in portions of the Green River Formation at Raven Ridge 
tend to precipitate through evaporative concentration of bodies of freshwater (Faure and 
Mensing 2005, Roehler 1993). This process is controlled by the amount of evaporation 
from the water body and the amount of water input from the surrounding area, but is not 
necessarily related to MAT (Faure and Mensing 2005, Pietras et al. 2003). Pietras et al. 
(2003) point out that Utah Lake and Great Salt Lake in Utah are separated by only 50km, 
and are thus subject to much the same climatic conditions, yet the former is a freshwater 
lake that drains into the latter, which is hyper-saline due to evaporative concentration. 
Pietras et al. (2003) also suggest that evaporite formation can be controlled by tectonic 
influences and may be formed independent of arid climates through the modification of 
drainage systems. This result is consistent with the presence of evaporite formation 
throughout the greater Green River Formation during a time interval that is interpreted as 
being both warm and wet on the basis of the paleobotanical evidence (Wilf 2000, 
Woodburne et al. 2009b). However, Mean Annual Precipitation (MAP) and MAT are 
poorly constrained for the Western Interior during the EECO. It is possible that future 
sedimentological studies on paleosols from the Wind River, Green River, and Uinta 
Basins, similar to those carried out on PETM strata from the Bighorn Basin (Kraus and 
Riggins 2007, Retallack 2005, Retallack and Royer 2000), may improve our 
understanding of climatic conditions in these areas during the EECO.  
Outside of North America, Hooker (2000) traced relative abundance of niche 
morphologies from the Paleocene through the Eocene (Selandian through Lutetian Ages) 
of mid-latitude Europe. Hooker’s findings were inconclusive with respect to major faunal 
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reorganization, although Hooker noted an increase in arboreality and browsing habits of 
mammals that spanned the EECO (Hooker 2000).  
In the marine realm, Payros et al. (2006) noted an extended period of dominance 
by low-latitude planktonic foraminiferans in Pyrenean deep-sea deposits during the 
EECO, indicative of relatively warm oceans around the European island throughout this 
interval. These results are consistent with the findings of studies from the Weddell Sea 
(Pospichal and Wise 1990) and Walvis Ridge (Boersma 1984, Futterer 1984, Manivit 
1984) in the southern Atlantic Ocean. These investigations of marine strata suggest that 
ocean temperatures warmed considerably throughout the late Paleocene and early 
Eocene, culminating with peak EECO temperatures near the early-middle Eocene 
boundary (Zachos et al. 2001). 
In order to place the findings of my study at Raven Ridge in a global context, the 
results will be discussed with reference to relevant studies from other continents. The 
focus of this project, however, is on mammalian faunal change in central North America 
as it correlates with climatic warming during the EECO, so there will be a necessary bias 
towards comparisons with studies from the Rocky Mountain Region. 
Recent studies by Woodburne et al. (2009a, 2009b) have collated previous work 
on Wa–Br faunas. The conclusion of Woodburne et al. (2009a, 2009b) is that mammalian 
faunal change in North America throughout the EECO is driven by changes in climate. 
For these studies, the EECO was identified using plant macrofossils from sites in the 
Washakie and Great Divide Basins as climate proxies that suggested an increase in Mean 
Annual Temperature (MAT) throughout the mid to late Wasatchian from a low of 15oC in 
Wa5 (just prior to onset of the EECO), to a peak of 23oC during Wa7, followed by a 
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decrease to 20oC during Br1a (Wilf 2000). These changes in MAT are associated with the 
arrival of tropical floras during the late Wasatchian which gave way to more seasonally 
dry, subtropical forests during the early Bridgerian (Wilf 2000). The rise of these forested 
ecosystems is cited by Woodburne et al. (2009b) as the major cause for the increase in 
diversity of primates and other arboreal taxa throughout the EECO and the peak of 
Eocene mammalian generic richness (an estimated 104 genera)(Woodburne et al. 2009b) 
which was reached during Br1a. The timing and pattern of the faunal changes outlined by 
Woodburne et al. (2009b) serve as testable hypotheses for my project.  
A necessary first step of this project is to establish a stratigraphic framework for the fossil 
localities at Raven Ridge and review the geology and paleontological history of the area 
(Chapter 2). 
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CHAPTER TWO 
 
RAVEN RIDGE 
 
In this chapter, I describe the geologic setting at Raven Ridge, provide background 
information from previous geological and paleontological studies conducted in the area, 
and provide a stratigraphic framework for analyzing the Raven Ridge mammalian fauna. 
 
INTRODUCTION 
Raven Ridge is a roughly 30km long ridge located in the northeastern corner of 
the Uinta Basin. This basin is bounded to the north by the Uinta Mountains and to the 
east by the Douglas Creek Arch, which separates the Uinta Basin (to the west) from the 
Piceance Creek Basin (to the east) (Fig. 1). Raven Ridge trends northwest to southeast 
with local strike ranging between 290o and 318o, and the strata range in dip from 13o and 
33o to the southwest. The ridge straddles two counties in two states: Uintah County, Utah, 
and Rio Blanco County, Colorado. The northern end of the ridge lies near the junction 
between Utah State Highway 45 and US Highway 40, while the southern tip of the ridge 
terminates at the White River.  
Four areas of Raven Ridge are of particular importance to this study due to their 
geographic distribution and the abundance of fossil mammals they have produced over 
the decades. These areas of note are: ‘the Hills area’ at the northwestern tip of Raven 
Ridge (Fig. 2); ‘the Cliffs area’, a prominent set of steep, east-facing, cliffs at the 
northern tip of the ridge (Fig. 3); ‘the Mormon Gap area’, named for a road/railway cut 
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through both Raven and Squaw ridges about 15km southeast of the Cliffs area (Fig. 4); 
and ‘Powder Wash’, the site of the first fossil excavations at Raven Ridge, and the source 
of all of the Carnegie Museum of Natural History’s specimens from the area. The 
location of these four areas along Raven Ridge is plotted on Plate 1. 
 
 
Figure 2: View, facing northwest, of a typical Green River Formation outcrop (Wa7-
Br1a in age) in the Hills area of Raven Ridge. Note the discontinuous nature of the 
exposures and the large amount of alluvium/cover. Uinta Mountains in the background to 
the right. 
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Figure 3: A view of the Cliffs area (Wa6-7 in age) of Raven Ridge, looking to the North. 
The contact (Ct) between the carbonaceous sandstones of the Green River Formation 
above, and the variegated mudstones of the Colton Formation below, is clearly visible. 
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Figure 4: View of the south side of Mormon Gap, looking to the southeast from the peak 
of Squaw Ridge (marked with an arrow). Strata to the west (right) of Squaw Ridge are 
Bridgerian (Br1a and Br1b) in age. 
 
Raven Ridge and its associated discontinuous hogbacks to the west, the largest of 
which is referred to as Squaw Ridge, are erosion-resistant outcrops of limestone 
belonging to the Green River Formation that overlie the mudstones of the Colton 
Formation to the east. The latter formation is easily eroded, forming valleys and 
depressions wherever it is exposed. Previous studies, focused on sedimentology and 
petroleum extraction (Chatfield 1965, Picard 1967, Picard and High 1968, 1972, Sanborn 
and Goodwin 1965), interpreted both the Colton and Green River Formations at Raven 
Ridge as ranging from early to middle Eocene in age. This conclusion is supported by 
both the mammalian biostratigraphy (Doi 1990 and Chapter 4 of this study) and 
chemostratigraphy (Chapter 5 of this study). 
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GEOLOGY 
Underlying strata 
 Both the Green River and Colton Formations are underlain by grey mudstones of 
the Cretaceous-aged, fluvial deposits of the Mesaverde Formation (Doi 1990, Sanborn 
and Goodwin 1965). Given the rarity of Mesaverde outcrop (due to alluvial deposits), it is 
difficult to identify precisely its contact with overlying Colton and Green River strata, 
although Doi (1990) stated that, in one instance, he was able to narrow the location of the 
contact to an area of 8-10m. The poor delineation of the Colton-Mesaverde contact is 
largely due to the high quantity of alluvium and relative paucity of outcrop to the east of 
Raven Ridge. Rowley et al. (1985)  mapped the Fort Union Formation as the unit 
underlying the Colton Formation; however, neither I nor previous researchers (Doi 1990, 
Picard and High 1968, Sanborn and Goodwin 1965) have been able to locate any 
outcrops of the Fort Union Formation at Raven Ridge. 
 
Colton Formation 
 The Colton Formation was named by Spieker (1946) as a Wasatchian-aged unit 
composed primarily of variegated, fluviatile mudstones and shales with local channel 
sandstones (Marcantel and Weiss 1968). Previous studies have referred to the fluviatile 
strata underlying the Green River Formation at Raven Ridge as the ‘Wasatch’ Formation 
(Doi 1990, Picard 1967, Picard and High 1968, Sanborn and Goodwin 1965). This 
terminology is based upon the long-standing tradition of naming any fluviatile strata of 
Wasatchian age ‘Wasatch’ Formation after the type section located in Summit County, 
Utah (Hayden 1869). This taxonomic habit led to ‘Wasatch’ Formation becoming so 
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overused that it essentially became useless (see Robinson et al., 2004 for a review), so, in 
the absence of lithological means to correlate strata at Raven Ridge to the type Wasatch 
section, I refer to the ‘Colton Formation’ of Spieker (1946) when discussing the fluviatile 
strata at Raven Ridge. 
The Colton Formation at Raven Ridge is composed of fine-grained, variegated 
mudstones and siltstones with local channel sandstones. The strata are easily eroded; as a 
result, steep and colorful mudstone beds form the base of the east-facing cliffs at the 
north end of Raven Ridge (Fig. 5). There are numerous layers of poorly to moderately 
developed pink, orange, and purple paleosols, particularly at the northern end of the ridge 
where the formation is thickest (>200m). The Colton Formation thins from north to south 
along the ridge, with only small and patchy outcrops visible in the Mormon Gap area. 
The Colton Formation intertongues with the Green River Formation between the cliffs at 
the north end of Raven Ridge in the Mormon Gap area. 
The fine-grained strata and the presence of locally well-developed paleosols led  
previous workers to interpret the Colton Formation as a series of fluvial floodplain 
deposits (Doi 1990, Marcantel and Weiss 1968). Outcrops of the Colton Formation 
contain the majority of the fossil vertebrate localities on the eastern face of Raven Ridge, 
although numerous localities are also found in the Green River Formation. Vertebrate 
fossils suggest an age range of Wa5-Wa7 for the Colton Formation at Raven Ridge (see 
Chapter 4 for details of biostratigraphic zonations).  
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Figure 5: A typical outcrop of variegated mudstones of the Colton Formation in the 
Cliffs area of Raven Ridge. The contact between the Green River and Colton Formations 
is labeled (Ct) near the top of the image. 
 
Green River Formation 
 The Green River Formation was named by Hayden (1869) based on enormous 
outcrops of lacustrine limestones in southwest Wyoming, with the type section identified 
near the town of Green River. The name has since been used to describe lacustrine 
limestones deposited during the Eocene by the Green River Lake System in Wyoming, 
Utah, and Colorado. This lake system included several separate bodies of water: Lake 
Gosiute in the Green River Basin, north of the Uinta Mountains, and Lake Uinta which 
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occupied both the Uinta and Piceance Creek Basins south of the Uinta Mountains (Smith 
et al. 2008). The Green River Formation is perhaps best known for its fossil fish-
producing paper shales in the Green River Basin, but it also includes noteworthy oil and 
gas reservoirs in the Piceance Creek and Uinta Basins. One of the most notable 
hydrocarbon reservoirs is located on the Douglas Creek Arch near Rangely, CO.  
The Green River Formation at Raven Ridge has been the focus of several 
previous studies dealing both with the unit’s importance as a petroleum reservoir 
(Chatfield 1965, Sanborn and Goodwin 1965) and with sedimentology, paleogeography, 
and paleoenvironmental reconstructions (Picard 1967, Picard and High 1968, 1972). The 
lack of traceable lithologic connections with Green River exposures on the Douglas 
Creek Arch has led to considerable variation in the taxonomic divisions assigned to 
Green River outcrops at Raven Ridge. Chatfield (1965) used the lithologic taxonomy of 
Bradley (1931) and differentiated the Green River Formation at Raven Ridge into (from 
youngest to oldest) the Evacuation Creek, Parachute Creek, Garden Gulch, and Douglas 
Creek Members. However, only months later, Sanborn and Goodwin (1965) argued that 
these formal stratigraphic divisions of the Green River Formation were not readily 
identifiable at Raven Ridge and proceeded to use a localized taxonomy based on the 
lateral distribution of what they considered to be major lithofacies. In his study of 
paleocurrent ripples to establish shoreline orientation of paleolake Uinta, Picard (1967) 
acknowledged that tracing formal units of the Green River Formation from the flanks of 
the Douglas Creek Arch to Raven Ridge was not possible, but preferred the use of the 
formal Green River nomenclature established by Bradley (1931). To this end, Picard 
(1967) proceeded to group the informal units proposed by Sanborn and Goodwin (1965) 
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into the same four members used by Chatfield (1965), although the distribution of the 
members along Raven Ridge differ considerably between Chatfield’s (1965) 
interpretation and that of Picard (1967). Picard continued to use a similar taxonomic 
model for the Green River Formation at Raven Ridge in two later publications (Picard 
and High 1968, 1972), investigating sedimentary cycles and paleoenvironmental 
reconstructions respectively, although each study notes that the stratigraphic units at 
Raven Ridge are probably not equivalent to members of the same name in the Piceance 
Creek and Green River Basins. 
It is beyond the scope of this project to solve the taxonomic uncertainties 
regarding subunits of the Green River Formation at Raven Ridge. While measuring 
sections and collecting sediment samples at various sites along Raven Ridge, I found it 
extremely difficult to identify either the formal Green River units used by Chatfield 
(1965) and Picard (1967) or the informal units proposed by Sanborn and Goodwin 
(1965). Therefore, for the purposes of this study, the Green River Formation is treated as 
a single unit, representative of a freshwater lacustrine depositional environment, with the 
understanding that there is more than one interpretation of the subdivision of this 
formation into sub-environments within a lacustrine system.  
While not as uniformly fossiliferous as the Colton Formation, Green River strata 
are home to some of the most productive fossil vertebrate localities at Raven Ridge. The 
fossil mammal localities suggest a biostratigraphic range of Wa5 through Br1b for the 
Green River Formation at Raven Ridge. Picard (1967), using an analysis of ripple mark 
orientation, suggested the shorelines of paleolake Uinta in the Raven Ridge area had 
bearings between 31o and 120o and that paleocurrents were roughly perpendicular to the 
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shoreline. Doi (1990) repeated the ripple analyses as part of his Masters thesis and 
reached similar conclusions. Picard and High (1972)  performed a detailed petrographic 
and sedimentological analysis of ‘the Parachute Creek Member’ of the Green River 
Formation at Raven Ridge, and determined the northern edge of the ridge was generally 
close to shore, whereas the more southern areas of the ridge, such as the Mormon Gap 
area, was generally further offshore. These findings are consistent with the 
preponderance of channel sandstones at the northern end of the ridge (the Hills and Cliffs 
areas; Fig. 6) and shales at the southern end of the ridge (the Mormon Gap area). 
 
 
Figure 6: A typical outcrop of Wa7-aged carbonaceous limestones of the Green River 
Formation at the Cliffs area of Raven Ridge. 
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Measured Sections 
 Five stratigraphic sections (Figs. 7-11, see Plate 1 for locations) were measured 
across Raven and Squaw ridges in order to correlate local stratigraphy along the ridge 
through the use of lithologic marker beds (the primary of which is referred to as ‘the 
Goniobasis layer’ throughout this study), tie in fossil vertebrate localities previously 
collected by UCM field crews (Doi 1990), and collect sediment samples for isotope 
analyses to be used for both local and global chemostratigraphic correlation (Chapter 5 of 
this study). The sections were measured using a 1.5m ranging pole with an attached 
Abney level. Strike and dip were measured with a Brunton compass. 
The main stratigraphic datum used for correlation of geologic sections along 
Raven Ridge is the Goniobasis layer (Doi 1990). This unit is composed of one to three 
lacustrine limestone layers, each 5-10cm thick, containing small (<20mm in length) 
shells identified as the freshwater pleurocerid gastropod Goniobasis Lea (1862) (also 
known as Elimia (Adams and Adams 1858)) based on shell morphology. The Goniobasis 
layer can be traced from Mormon Gap in the south (Section 1) to the cliffs at the north 
end of Raven Ridge, a distance of ~15km, and is bracketed stratigraphically by latest 
Wasatchian (Wa7) fossil localities. It is likely that the Goniobasis layer is early Wa7 in 
age because it is much closer stratigraphically to Wa6 than it is to Br1a fossil localities. 
Because the Goniobasis layer is laterally extensive and easily recognized, it was used as a 
marker bed and is the 0m datum on stratigraphic sections measured through the Raven 
Ridge area. All stratigraphic sections (Figs. 7-11, Appendix A), fossil localities 
(Appendix B), and sediment samples (Appendix C), are placed in stratigraphic context 
relative to the Goniobasis 0m datum layer. 
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Additional marker beds used to correlate the five measured sections include: the 
capstone of Squaw Ridge (Br1a in age), a well-cemented, medium-grained, calcareous 
red sandstone that can be traced between Sections 1 and 3; the ‘Powder Wash sandstone’ 
(Br1b in age), a well-sorted, fine-grained, yellow-grey sandstone that can be traced 
between Sections 3 and 4; and finally the ‘marker conglomerate’ (Br1b or Br2 in age, 
although younger than the ‘Powder Wash sandstone’) which can be traced between 
Sections 4 and 5. These three marker beds, when used in conjunction with the Goniobasis 
layer, provide lithologic correlation from Mormon Gap to the northern tip of the Raven 
Ridge area, a distance of ~20km. 
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Figure 7: Measured stratigraphic section 1 showing lithology on the north side of 
Mormon Gap (See Plate 1 for location). Stratigraphic level in meters is relative to the 
Goniobasis layer, and relevant marker beds are labeled. The color of each unit in the 
figure is an estimate of its color in the field. Crossed out areas refer to vegetation-covered 
section that could not be sampled in the field.   
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Figure 8: Measured stratigraphic section 2 showing lithology through Raven and Squaw 
Ridges, partway between the Cliffs and Mormon Gap areas (See Plate 1 for location). 
Stratigraphic level in meters is relative to the Goniobasis layer, and relevant marker beds 
are labeled. The color of each unit in the figure is an estimate of its color in the field. 
Crossed out areas refer to vegetation-covered section that could not be sampled in the 
field. 
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Figure 9: Measured stratigraphic section 3 showing lithology of the Cliffs area and strata 
to the west (See Plate 1 for location). Stratigraphic level in meters is relative to the 
Goniobasis layer, and relevant marker beds are labeled. The color of each unit in the 
figure is an estimate of its color in the field. Crossed out areas refer to vegetation-covered 
section that could not be sampled in the field. 
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Figure 10: Measured stratigraphic section 4 showing lithology to the west of the Cliffs 
area (See Plate 1 for location). Stratigraphic level in meters is relative to the Goniobasis 
layer, and relevant marker beds are labeled. The color of each unit in the figure is an 
estimate of its color in the field. Crossed out areas refer to vegetation-covered section that 
could not be sampled in the field. 
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Figure 11: Measured stratigraphic section 5 showing lithology through the Hills area 
(See Plate 1 for location). Stratigraphic level in meters is relative to the Goniobasis layer, 
and relevant marker beds are labeled. The color of each unit in the figure is an estimate of 
its color in the field. Crossed out areas refer to vegetation-covered section that could not 
be sampled in the field. 
 
 The cross section that results from the correlation of the five measured sections 
(see Plate 2A) has several noteworthy features. First, the section thickens noticeably 
towards the northern end of Raven Ridge, as would be expected if the shoreline and 
sediment source were located to the north, as suggested by Picard (1967) and Picard and 
High (1972). Secondly, there is a north-to-south increase in fine-grained rocks such as 
shales and mudstones relative to sandstones. This increase in fine-grained sediments to 
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the south, particularly in the Green River Formation, is consistent with Picard and High’s 
(1972) suggestion that Raven Ridge preserves a variety of lacustrine depositional settings 
ranging from higher energy, shallow water and fluvial environments in the north to lower 
energy, deeper water, offshore environments in the south. 
 
PALEONTOLOGY AT RAVEN RIDGE 
The paleontological history of Raven Ridge can be divided into two major 
chapters: collecting by field crews from the Carnegie Museum of Natural History 
(CMNH)  at the Powder Wash locality (1935-mid 1970s), and numerous expeditions by 
Ken Doi, Peter Robinson, the current author, and University of Colorado Museum of 
Natural History (UCM) field crews (1983-2009). These two collecting intervals differ 
somewhat in their geographical extent and in methods of collection. 
 
Powder Wash Locality 
Mammalian fossils from the Raven Ridge area have been known since Burke 
(1935) published a brief report of several localities on the west side of Squaw Ridge. The 
best known and most productive of these localities is known as the Powder Wash locality 
(also referred to as Powder Springs by Gazin (1958)); which was worked extensively by 
CMNH field crews for roughly 40 years (Plate 1). The fossils from Powder Wash are 
encased in fine-grained, calcareous sandstone which is difficult to prepare. Eventually, 
the preparation technique involved soaking the sandstone, freezing it, and then thawing, 
drying, and preparing the exploded sediments (P. Robinson, pers. comm.). All told, the 
CMNH collection from Powder Wash includes 2,090 catalogued vertebrate specimens, 
 30
most of which are fossil mammals (there are also thousands of uncatalogued squamate 
specimens at the CMNH; R. Stucky, pers. comm.). The collection is heavily biased 
towards small taxa, with even the medium-sized taxa such as Hyracotherium, Hyrachyus, 
and Trogosus being rare. The fauna is also biased towards isolated teeth, although the 
occasional jaw fragment was found (Gunnell and Bartels 1999).  
The Powder Wash fauna was described in bits and pieces with the rodents 
(Dawson 1968, Wood 1962), ‘condylarths’ (Gazin 1968, West 1979), insectivores 
(Krishtalka 1976a, b, Lillegraven et al. 1981), marsupials (Krishtalka and Stucky 1984), 
several primate taxa (Gazin 1958), and a single artiodactyl (Burke 1969) receiving 
individual attention. More recently, Gunnell and Bartels (1999) finally published a 
review of the fauna in its entirety. Most of these previous studies suggested an early 
Bridgerian age for the Powder Wash fauna, and Gunnell and Bartels (1999) tentatively 
suggested an age of Br2, although they acknowledged the absence of several Br2 index 
taxa such as Anaptomorphus westi and Smilodectes mcgrewi.  
UCM field crews first visited Powder Wash in 1983 and collected specimens in 
subsequent years. However, given the difficulties of extracting fossils from the matrix, 
this locality comprises only a very small part (215 specimens, many of which are actually 
casts of CMNH specimens made by Ken Doi) of the UCM collections from Raven Ridge. 
 
Collections at the University of Colorado Museum  
 UCM field crews arrived at Raven Ridge in 1983 and, over the next 15 years, 
built an outstanding collection of vertebrate fossils from the area. Unlike the Carnegie 
Museum field crews who collected specimens almost exclusively from the Powder Wash 
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locality, the UCM expeditions collected fossils, ranging in age from mid-Wasatchian 
(Wa3-5, or Graybullean) to early Bridgerian (Br1b or early Blacksforkian), on the eastern 
slope of Raven Ridge from its northern tip to an area just south of Mormon Gap (Plate 1, 
all localities except Powder Wash). The UCM specimens were primarily collected from 
anthills, yielding almost 10,000 specimens from over 120 localities. 
 The UCM’s Raven Ridge collection was partially described in a Masters thesis by 
Doi (1990) who focused his research on the Wasatchian paromomyid and omomyid 
primates. In the years that followed Doi’s Masters research, the UCM Raven Ridge 
collection almost doubled as a result of continuing fieldwork that led to the discovery of 
numerous new localities. However, despite recognition that UCM’s Raven Ridge 
collection contains a diverse fauna that straddles the early-middle Eocene (Wasatchian-
Bridgerian) boundary (Robinson et al. 2004), no further studies of the fauna have been 
attempted, which was a major impetus for the current study. 
 The Raven Ridge collection at UCM was compiled in large part through the 
efforts of Kentaro Doi during his Masters (1986-1990) and incomplete PhD research 
(1990-1998). The vast majority of the specimens used in my study were collected by Mr. 
Doi and his field assistants, and the specimens were identified and catalogued into the 
UCM database by Doi, Peter Robinson, Paul Murphey, and others between 1985 and 
1999. The taxonomic composition of the UCM fossil mammal collection from Raven 
Ridge is described in Chapter 3 of this study.  
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Collecting Biases 
“Thus, the conditions of the famous riddle of the Judean Hercules are repeated in 
this far Occident, and the hymenopterous allies of the bees who made their nest in 
the skeleton of Samson’s lion, burrow and build a home among the bones of 
extinct creatures of the geologic ages.” 
      - McCook (1882) 
 Anthills have been recognized as a source of fossiliferous material since at least 
the 1880s (McCook 1882). Joseph Leidy (1877) recorded his observations of the insects 
and their habits, although he made no mention of collecting from anthills. Many 
subsequent researchers, including Doi (1990), used anthills as sources of microvertebrate 
fossils (Clark et al. 1967, Clemens 1963, Delson 1971, Galbreath 1959, Hatcher 1896, 
Lull 1915, Marsh 1899, Robinson and Ivy 1994, Robinson and Williams 1997b, Sloan 
and van Valen 1965). Collecting from anthills is an excellent way to sample 
microvertebrate faunas, but this sampling technique has some biases that must be taken 
into account. The two most important biases are size sorting and time averaging of 
specimens. 
 The ant colonies in the Raven Ridge area are homes to Western Harvester ants 
(Pogonomyrmex occidentalis), which are ubiquitous across the central United States. The 
sediment grains that the ants deposit on their anthills rarely exceed 5mm in maximum 
diameter and are collected from a foraging range that does not exceed 20m from the 
colony in any direction (Gordon 1995). The size restriction of the grains means that only 
very small teeth are collected intact from anthills, although on occasion, fragments of 
teeth from larger taxa such as Hyracotherium or Heptodon have been found on anthills. 
Fragmentary teeth, however, are not as diagnostic, and consequently are less likely than 
the smaller teeth to be included in faunal analyses.  
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The large foraging range of Harvester ants means that fossils from the anthills 
may have been collected anywhere within a circle 40m in diameter, with the colony at the 
center. This large collecting area could result in time averaging of samples collected from 
anthills, as not all specimens are collected by the ants from the same stratigraphic 
horizon. Time averaging is expected to increase where the anthills are located on steeply 
dipping strata or relatively condensed strata. In the case of Raven Ridge, time averaging 
as a result of collecting from anthills is expected to be worse in the Mormon Gap area 
(steeper dips, thinner section implying lower depositional rates), compared to the cliffs 
area at the north end of the ridge where dips are shallower and the section is much 
thicker.  
While collecting fossil specimens from anthills necessarily includes a certain 
amount of time averaging of the fauna due to the behavioral patterns of P. occidentalis, 
there are no examples at Raven Ridge of specimen co-occurrence that can be directly 
related to time averaging. The index taxa of various biochrons laid out by Robinson et al. 
(2004) are not found to overlap at any localities, suggesting that time averaging does not 
interfere with the utility of specimens for biostratigraphic zonation.  
Eaton et al. (1989) noted the presence of Cretaceous shark and dinosaur teeth at 
middle Wasatchian localities in the Mormon Gap area of Raven Ridge which, along with 
several Paleocene mammalian taxa (e.g., Plesiadapis and Carpolestes) were interpreted 
as evidence of reworking. These reworked fossils provide insight on the age of the source 
sediments deposited at Raven Ridge during the early and middle Eocene. 
 One other possible complication is that anthills are naturally ephemeral, and the 
average life expectancy of a Harvester anthill is about 20 years (Gordon 1999). As a 
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result, many of the anthill localities from which Doi collected during his years at CU 
could not be relocated for this study. Their disappearance proved to be a minor challenge 
for placing the Raven Ridge fossil localities in stratigraphic context. To circumvent the 
problem, I used an online map database at www.trails.com to generate GPS locations for 
each of the UCM localities at Raven Ridge. These coordinates were then used in the field 
to estimate the stratigraphic position of each locality (Appendix B). The UCM fossil 
mammal collections are described in Chapter Three. 
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CHAPTER THREE 
 
SYSTEMATIC PALEONTOLOGY 
 
 In this chapter I describe the mammalian taxa that make up the fossil fauna of 
Raven Ridge. Salient points of anatomy, stratigraphic occurrence at Raven Ridge, 
biostratigraphic importance and distribution, biogeographic distribution, and life habits 
are discussed for each taxon in order to gain an appreciation of habitat structure and 
biodiversity at Raven Ridge during the mid-late Wasatchian and early Bridgerian. 
 
INTRODUCTION 
 The focus of this taxonomic chapter is on fossil mammals from the Raven Ridge 
area that have been collected by field crews from the University of Colorado and 
accessioned into the University of Colorado Museum (UCM) collections. Other fossils 
from the Raven Ridge area, most notably those collected by Carnegie Museum of Natural 
History (CM) field crews from the Powder Wash locality, will be referred to on a regular 
basis for the sake of comparison with UCM specimens but are not included in the 
descriptive portions of this chapter. 
 The purpose of this research project is to investigate mammalian faunal change at 
Raven Ridge during the mid-late Wasatchian and early Bridgerian. To this end, I will be 
focusing on the biogeographic, biostratigraphic, and paleoecological implications of 
taxon occurrences at Raven Ridge, not evolutionary relationships between taxa (although 
large-scale evolutionary patterns may be mentioned in passing). However, there are 
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several taxa from Raven Ridge, such as Hyopsodus, Microsyops, and the ischyromyid 
and sciuravid rodents, that may provide insight into long-term evolutionary patterns at the 
species level. These taxa may provide interesting research projects for future researchers 
who are willing to work with large numbers of stratigraphically well-constrained isolated 
teeth. Because the fossil fauna from Raven Ridge is composed overwhelmingly of 
isolated teeth, all specimens mentioned throughout this study should be assumed to be 
isolated elements unless they are explicitly labeled otherwise. 
I have structured this chapter using the most recent compendiums of mammalian 
taxa from the Tertiary of North America as primary systematic references (Janis et al. 
2008, 1998), so some taxonomic relationships will differ considerably from other well-
known classifications such as McKenna and Bell (1997). 
 
METHODS 
 Fossils collected by UCM field crews from the Raven Ridge field area are 
assigned to localities, with each locality receiving a number in the UCM locality 
catalogue. The localities are placed into stratigraphic context relative to one another by 
measuring the distance of each from lithologic marker beds (see Chapter Two). This 
study deals primarily with dental remains, as postcranial material is rarely recovered from 
fossil localities at Raven Ridge. Specimens were observed using a magnifying lens or 
dissecting microscope and, where possible, measured using Starrett© digital calipers to 
the nearest 100th of a millimeter. 
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DENTAL TERMINOLOGY 
 I use the universally accepted dental terminology proposed by Osborn (1907) 
when discussing tooth specimens (see Fig. 12). 
 
 
 
Figure 12: Terminology of dental features for mammalian cheek teeth (premolars and 
molars) used throughout this study, modified from Burger (2009). 
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Dental Terminology, Measurements, and Statistical Calculations 
The abbreviation for each tooth type is followed by its position with superscript referring 
to upper teeth and subscript referring to lower teeth (e.g., M1 or M1). Where tooth 
position cannot be determined, ‘x’ is used to designate the tooth as an upper or lower 
(e.g., Mx is a lower molar). 
I  Incisor 
C  Canine 
P  Premolar 
M  Molar 
Length (L) Anteroposterior Length 
Width (W) Transverse or Buccolingual Width 
n  Number of Specimens 
Min.  Minimum Value 
Max.  Maximum Value 
Mean  Mean = sum x / n 
Dev2  Sum of Square Deviation from the Mean = sum (x-mean)2 
Var  Variance = sum (x-mean)2 / n-1 
STDEV Standard Deviation = 
(X −mean)2
(n −1)∑  
loc.  Locality, followed by locality number 
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INSTITUTIONAL ABBREVIATIONS 
ACM  Amherst College Museum, Amherst, MA 
AMNH The American Museum of Natural History, New York, NY 
ANSP  Academy of Natural Sciences, Philadelphia, PA 
CM  Carnegie Museum of Natural History, Pittsburgh, PA 
IRSNB Institut Royal des Sciences Naturelle de Belgique, Brussels, Belgium 
ME  Messel specimen, Forschungsinstitut Senckenberg, Frankfurt, Germany 
MNHN Musée National d’Histoire Naturelle, Paris, France 
UALP  University of Arizona Laboratory of Paleontology, Tucson, AZ 
UCM  University of Colorado Museum of Natural History, Boulder, CO 
UCMP  University of California, Museum of Paleontology, Berkeley, CA 
UM  University of Michigan, Museum of Paleontology, Ann Arbor, MI 
USGS  United States Geological Survey, Denver, CO 
USNM  United States National Museum, Washington DC 
YPM  Peabody Museum of Natural History, Yale University, New Haven, CT 
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Class MAMMALIA (Linnaeus 1758) 
Order MULTITUBERCULATA Cope (1884b) 
Family NEOPLAGIAULACIDAE Ameghino (1890) 
ECTYPODUS Matthew and Granger (1921) 
Type Species — Ectypodus musculus Matthew and Granger (1921) 
Holotype — AMNH 17373 
Comments — This genus is extremely long-lived in North America, spanning 
approximately 30 million years from the Puercan into the Chadronian NALMA (Weil and 
Krause 2008).  
ECTYPODUS TARDUS Jepsen (1930) 
Referred Specimens — UCM 60141, a partial M1, UCM 60142, an M1, UCM 60143, a 
lower incisor, UCM 69743, a P4, UCM 69745, a P4, UCM 69749, a P4, UCM 92493, a P2, 
UCM 92494, a P1, and UCM 92955, an M1 
Stratigraphic range at Raven Ridge — From 199m to 121m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Colorado and Utah 
Localities — UCM localities 85263, 87129, 87131, and 87142 
Description — The best description available for this tiny taxon is Sloan (1981). The 
Raven Ridge P4s assigned to Ectypodus (average length: 2.89mm, average width: 
1.02mm) are all within the range of P4 size for Ectypodus tardus (length: 2.5-3.4mm, 
width: 0.9-1.2mm) which has been described from Wasatchian sediments of the Bighorn 
Basin (Krause 1982b), and considerably smaller than Parectypodus, the only other 
neoplagiaulacid known to have survived into the Eocene (Weil and Krause 2008). 
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Discussion — Multituberculates have been described from Eocene-aged sediments in 
both the Sand Wash and Bighorn Basins (Krause 1982b, McKenna 1960a, Silcox and 
Rose 2001), but they are relatively rare. Multituberculates have yet to be found in Eocene 
sediments of the Piceance Creek Basin, but several specimens have been found in latest 
Paleocene (Clarkforkian) strata (Burger 2009, Kihm 1984).The paucity of specimens 
from Eocene sediments in the Rocky Mountain region is likely related to a decrease in 
multituberculate abundance and diversity following the end of the Paleocene (Weil and 
Krause 2008). Additionally, teeth from a larger taxon such as Parectypodus measure only 
a few millimeters in length, and Ectypodus specimens are even smaller, so typical surface 
collecting techniques may not detect isolated teeth. 
With regard to paleobiology, Eocene multituberculates show evidence of arboreal 
habits, which may have placed them in direct competition with early primates (Jenkins 
and Krause 1983). However, given its minute size, which is almost an order of magnitude 
smaller than any other arboreal taxon, it is doubtful that Ectypodus would have been in 
direct feeding competition with any other vertebrate taxon currently known from the 
Raven Ridge fauna. 
 
Family PTILODONTIDAE Simpson (1928) 
PTILODUS Cope (1881a)  
Type Species — Ptilodus mediaevus Cope (1881a) 
Holotype — AMNH 3019 
PTILODUS sp. indet. 
Referred Specimen — UCM 69748, a P4  
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Stratigraphic occurrence at Raven Ridge — The single specimen is found 107m below 
the Goniobasis layer, Colton Formation (Wa6), Utah 
Localities — UCM locality 86145 
Description — Krause (1982a) provided a detailed description of Ptilodus to which the 
Raven Ridge specimen does not add any new data. The P4 from Raven Ridge is of similar 
size (length: 6.91mm, width: 2.38mm) to published Ptilodus specimens (Krause 1982a) 
but the surface is worn, making it difficult to count serrations and establish a positive 
identification. 
Discussion — The youngest occurrence of Ptilodus to date has been in the latest 
Tiffanian (Weil and Krause 2008); consequently, its presence in Wa6 sediments at Raven 
Ridge would represent more than a three million year biostratigraphic range extension. 
However, as only the single specimen has been found, and the locality (UCM 86145) that 
produced the specimen has already produced Cretaceous-aged shark teeth and hadrosaur 
tooth fragments (Eaton et al. 1989), this occurrence of Ptilodus is considered a case of 
reworking and re-deposition of the specimen in question. Should similar specimens be 
discovered at Raven Ridge in the future, the hypothesis that a relict population of large 
ptilodontid multituberculates survived into the late Eocene may be a plausible scenario. 
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Order MARSUPIALIA Illiger (1811) 
Family DIDELPHIDAE Gray (1821) 
Comments — Crochet (1979) used five dental characters to differentiate European 
peradectine and herpetotheriine didelphids. Several of these same characters were utilized 
by Korth (1994a) in his review of Tertiary marsupials from North America. In this study, 
only three of the characters -the wider stylar shelf and more pronounced stylar cusps of 
herpetotheriines, a metacone taller than the paracone in herpetotheriines as compared to 
nearly equal in height in paradectines, and the posteriorly-projecting hypoconulid found 
in herpetotheriines as compared to a nearly vertical hypoconulid in peradectines -have 
been useful in differentiating specimens from the two subfamilies. The other two 
characters (V-shaped centrocrista and the size of stylar conules) were rarely preserved in 
the Raven Ridge specimens. 
 
Subfamily PERADECTINAE Crochet (1979) 
PERADECTES Matthew and Granger (1921) 
Type Species — Peradectes elegans Matthew and Granger (1921) 
Holotype — AMNH 17376 
 
PERADECTES sp. indet. 
Referred Specimens — Nine Mxs, nine Mxs, UCM 89229, a left dentary fragment 
containing M2-3, and UCM 93553, a left maxillary fragment containing M1-3 
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Stratigraphic range at Raven Ridge — From 121m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 85263, 86146, 87147, 90163, 92004, 92005, 92027, and 
92030 
Description — These specimens are referred to the genus Peradectes on the basis of the 
short talonid and subequal entoconid and hypoconulid of the lower molars and the 
weakly developed stylar cusps and subequal paracone and metacone on the upper molars. 
The teeth are differentiated from the coeval peradectine Mimoperadectes by being 
noticeably smaller (~30%; see Table 1), and from the herpetotheriine Herpetotherium by 
the relatively weakly developed stylar cusps. An more complete diagnosis of Peradectes 
is provided by Korth (2008). 
Discussion — Peradectes is a common component of Tiffanian-Duchesnean faunas 
throughout western North America (Korth 2008 and references therein), with new 
specimens recently reported from the early Eocene of Virginia (Rose 2010). Both P. 
chesteri and P. protinnominatus have been reported from Wasatchian-aged sediments in 
the Rocky Mountain Region (Bown 1979a, 1980, Bown et al. 1993, Delson 1971, Guthrie 
1971, Krishtalka and Stucky 1984, Stucky 1984a), with the former extending into the 
Bridgerian, including Powder Wash at Raven Ridge (Gunnell and Bartels 1999, 
Krishtalka and Stucky 1984). Given its ubiquitous temporal and geographic distribution 
throughout the Eocene of North America, it is not surprising to find this taxon is a 
component of the Raven Ridge fauna in each biostratigraphic horizon. If anything, the 
taxon may be underrepresented in terms of abundance at Raven Ridge due to its 
 45
extremely small size (the teeth are so small that they are below the optimal size that ants 
look for when collecting sediment grains to place on their hills). 
 Very little is known about the biology of Peradectes, as only dental material has 
been found to date. It has been suggested that peradectines may have been scansorial or 
facultatively arboreal, but these hypotheses require additional postcranial material to be 
thoroughly tested (Korth 2008). 
 
  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length 7 1.34 2.13 1.78 0.47 0.08 0.28 
 Width 7 0.82 1.17 1.04 0.09 0.01 0.12 
Mx Length 8 1.45 2.27 1.75 0.44 0.06 0.25 
 Width 8 1.65 2.99 2.20 1.11 0.16 0.40 
 
Table 1: Measurements of Peradectes molar specimens from Raven Ridge. 
 
 
MIMOPERADECTES Bown and Rose (1979) 
Type Species — Mimoperadectes labrus Bown and Rose (1979) 
Holotype — UM 66144 
cf. MIMOPERADECTES LABRUS 
Referred Specimens — UCM 54054 a left M4; UCM 54053, a right Mx, is listed in the 
UCM database but is missing from the collection 
Stratigraphic occurrence at Raven Ridge — 202m below the Goniobasis layer, Colton 
Formation (Graybullian (Wa3-5)), Utah 
Locality — UCM locality 85262 
Description — This specimen is tentatively referred to Mimoperadectes labrus based 
upon its distinct triangular shape, typical of peradectine marsupial M4s, and its relatively 
large size (L: 2.12mm, W: 2.66mm) compared to other peradectines such as Peradectes, 
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Nanodectes, and Armintodelphys. The genus Mimoperadectes is currently monospecific, 
which is why the specimen can also be tentatively referred to the species level. There 
remains a degree of uncertainty as to the affinity of this specimen as M4s of this genus are 
only known from a few specimens and do not have any diagnostic characters (Bown and 
Rose 1979). Bown and Rose (1979) provided a complete description at both the genus 
and species level. 
Discussion — Mimoperadectes labrus previously was reported from early Wasatchian 
sediments of the Bighorn Basin (Bown and Rose 1979, Gingerich and Clyde 2001), the 
early Wasatchian Red Hot fauna of the Tuscahoma Formation in Mississippi (Beard and 
Dawson 2001), and early and mid-Wasatchian localities in the Piceance Creek Basin 
(Burger 2009, Kihm 1984). Occurrence of M. labrus at Raven Ridge in Wa5 sediments 
(UCM loc. 85262) is temporally consistent with some of the Piceance Creek Basin 
specimens, and they represent a modest geographic range expansion of roughly one 
hundred kilometers to the west. 
  
Subfamily HERPETOTHERIINAE Troussart (1879) 
HERPETOTHERIUM Cope (1873a) 
Type Species — Herpetotherium fugax Cope (1873a) 
Holotype — AMNH 5254 
HERPETOTHERIUM sp. indet.  
Referred Specimens — 81 Mxs, six of which are missing from the UCM collections, and 
59 Mxs, one of which is missing 
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Stratigraphic range at Raven Ridge — From 202m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 83219, 85262, 85263, 86141, 86143, 86144, 86146, 86150, 
87028, 87029, 87034, 87123, 87131, 87144, 87146, 87147, 90163, 90171, 91242, 91243, 
91244, 92001, 92005, 92016, 92012, 92021, 92022, 92024, 92027, 92029, 92030, and 
92138 
Description — Specimens are referred to Herpetotherium based upon the presence of 
well-developed stylar cusps on the upper molars, typically elevated trigonid relative to 
the talonid and a deep notch between the entoconid and hypoconulid on lower molars, 
and relatively small size compared to the coeval herpetotheriine Esteslestes. Korth 
(1994a) provided the most recent and thorough description of this genus. All North 
American species previously assigned to Peratherium have now been assigned to 
Herpetotherium (Korth 1994a, 2008), with the former genus restricted to European 
species. A full taxonomic history of the genus was presented by Korth (2008). 
Discussion — Few taxa are as ubiquitous throughout the Eocene of North America as 
Herpetotherium. The genus is found in Wasatchian and Bridgerian sediments of every 
major basin the Rocky Mountain region, and it has been reported from all other 
Wasatchian-Bridgerian transition faunas (Gunnell and Bartels 2001b, Guthrie 1971, 
Robinson 1966), with the exception of the Wapiti Valley faunas which have an extremely 
small sample size (Gunnell et al. 1992). Two species of Herpetotherium (H. marsupium 
and H. innominatum, differentiated only by the presence of diastemata between lower 
premolars in the latter, a character which is obviously not useful when dealing with 
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isolated teeth) were found by previous workers at the Powder Wash locality at Raven 
Ridge (Krishtalka and Stucky 1984), and Herpetotherium sp. has been reported (as 
‘Peratherium sp.’) by Kihm (1984) from Wasatchian sediments of the Piceance Creek 
Basin (although no additional specimens were noted by Burger (2009)).  
Herpetotherium is found at all stratigraphic levels in the Raven Ridge section, but 
is more abundant in stratigraphically higher localities (Wa7-Bridgerian). This increased 
abundance may be related to increasing temperatures throughout the EECO, but a direct 
link between these two phenomena requires further investigation. The UCM specimens 
from Raven Ridge also show a large variation in size, although this does not appear to 
correlate with position in the stratigraphic column, suggesting that more than one species 
is present (see Table 2). However, in the absence of more complete specimens, it is not 
possible to assign the available material to species. 
 
  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length 71 1.66 3.26 2.42 15.07 0.22 0.46 
 Width 70 0.88 2.02 1.42 5.55 0.08 0.28 
Mx Length 57 1.50 3.05 2.34 11.28 0.20 0.45 
 Width 57 1.12 3.78 2.45 19.66 0.36 0.60 
 
Table 2: Measurements of Herpetotherium molar specimens from Raven Ridge. 
 
 
 
 
 
 
 
 
 49
Cohort PLACENTALIA (McKenna and Bell 1997) 
“PROTOEUTHERIANS” 
Order APATOTHERIA Scott and Jepsen (1936) 
Family APATEMYIDAE Matthew (1909) 
APATEMYIDAE gen. et sp. indet. 
Referred Specimens — 19 lower molars, 23 upper incisors, and five upper molars 
Stratigraphic range at Raven Ridge — From 199m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 83219, 85263, 85264, 86141, 86145, 86146, 86150, 87029, 
87038, 87122, 87123, 87129, 87131, 87133, 87146, 87147, 90163, 90169, 90171, 91244, 
92017, 92024, 92027, 92029, and 92030 
Description — A generalized description of the apatemyid dentition is provided by 
Gunnell et al. (2008a), with more detailed descriptions available for Labidolemur and 
Apatemys in several other publications (Gingerich 1982, Rose 1982, West 1973a). These 
two taxa are distinguished by the absence of a P3 in Apatemys, while the morphology of 
the upper and lower molars in these two genera is virtually identical, making 
differentiation of isolated molars practically impossible. Consequently, I have identified 
the Raven Ridge specimens to only the familial level. 
Discussion — The current biostratigraphic range of Labidolemur spans the Tiffanian 
through Wa5, whereas Apatemys is known from the Wasatchian through Duchesnean 
NALMA (Gingerich 1982, Gunnell et al. 2008a). If these ranges are accurate, then the 
majority of the apatemyid specimens from Raven Ridge (those from Wa6 and younger 
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sediments) can probably be identified as Apatemys, leaving only the Graybullian (Wa3-5) 
specimens with questionable affinities. This plan of action, however, negates the 
possibility of expanding the biostratigraphic range of Labidolemur into the late 
Wasatchian and early Bridgerian NALMA, a situation that cannot be discounted based on 
the morphology of available specimens. 
 Apatemys is well-represented throughout other late Wasatchian and early 
Bridgerian faunas from South Pass and the Wind River Basin and  Huerfano Basins 
(Gunnell and Bartels 2001b, Guthrie 1967, 1971, Robinson 1966, Zonneveld et al. 
2000b). The biostratigraphic distribution of Apatemys in these coeval faunas is consistent 
with the Graybullian (Wa3-5) through Br1b distribution seen at Raven Ridge. 
 With respect to paleobiology, skeletons of Apatemys and Labidolemur described 
in the literature show elongate digits that suggest grasping capabilities and arboreal habits 
(Bloch and Boyer 2001, Koenigswald et al. 2005, Koenigswald and Schierning 1987), 
making them one of a multitude of arboreal taxa identified in the Raven Ridge fauna. 
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Order PANTOLESTA McKenna (1975) 
Family PANTOLESTIDAE Cope (1884a) 
PALAEOSINOPA Matthew (1901) 
Type Species — Palaeosinopa veterrima Matthew (1901) 
Holotype — AMNH 95 
PALAEOSINOPA LUTREOLA Matthew (1918) 
Referred Specimen — UCM 92513 
Stratigraphic occurrence at Raven Ridge — A single locality in the Mormon Gap area of 
Raven Ridge, located 46m below the Goniobasis layer, Green River Formation (Wa7), 
Colorado 
Locality — UCM locality 87146 
Description — A single Mx specimen from Raven Ridge, UCM 92513, shares numerous 
morphological features with Palaeosinopa such as subequal trigonid cusps with a distinct 
paraconid, a large hypoconid and entoconid, and a talonid that is wider than the trigonid 
(Matthew 1901, 1918). The small size (length: 3.09mm, width: 2.26mm) of the Raven 
Ridge specimen negates its inclusion the vast majority of Palaeosinopa species including 
P. didelphoides, P. veterrima, P. dorri, and P. nunavutensis (Eberle and McKenna 2002, 
Gingerich 1980, Gunnell et al. 2008a). UCM 92513 is similar in size to P. lutreola found 
in Wasatchian strata of the Bighorn, Powder River, and Wind River Basins (Gingerich 
1980) and is referred to this species. 
Discussion — Palaeosinopa is a long-lived taxon documented from Tiffanian through 
earliest Bridgerian strata in North America (Gunnell et al. 2008a). The genus is 
geographically widespread, occurring in all major basins in the Rocky Mountain Region  
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(Gunnell et al. 2008 and references therein) in addition to Ellesmere Island (Eberle and 
McKenna 2002) and Europe (McKenna and Bell 1997). Given these temporal and 
geographic ranges, presence of Palaeosinopa at Raven Ridge is not at all surprising. The 
Raven Ridge specimens, however, do represent the first known occurrence of this genus 
in the Uintah Basin and the state of Utah. While the temporal occurrence of P. lutreola at 
Raven Ridge (Wa7) is consistent with previously published records noted above, this new 
specimen extends the geographic range of the species south from Wyoming. 
 Several skulls and even a full skeleton of Palaeosinopa have been described in 
the literature (Dorr 1977, Rose and Koenigswald 2005). These studies conclude 
Palaeosinopa was facultatively aquatic and a capable burrower, and that a suitable 
modern analogue might be extant otters (Rose and Koenigswald 2005). Finding aquatic 
mammals such as Palaeosinopa in fluvial and lake deposits of the Colton and Green 
River Formations is to be expected, and these occurrences are consistent with the 
suggestion by others (Picard and High, 1972) that Raven Ridge was close to the shoreline 
of paleolake Uinta during Wasatchian and Bridgerian time. 
cf. PALAEOSINOPA sp. indet. 
Referred Specimens — UCM 92491, 92492, and 93461, all Ixs 
Stratigraphic range at Raven Ridge — From 165m below to 336m above the Goniobasis 
layer, Colton Formation (Graybullian (Wa3-5)), Colorado and Utah 
Localities — UCM localities 85263, 87130, and 90160 
Description — These specimens are tentatively assigned to cf. Palaeosinopa on the basis 
of their relatively large size, and highly recurved shape. The Raven Ridge material does 
not add any new data to the published dental descriptions (Matthew 1901, 1918), or the 
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cranial and postcranial descriptions (Dorr 1977, Rose and Koenigswald 2005) of the 
genus. 
Discussion — This material does not add anything new to the discussion of 
biostratigraphic and biogeographic ranges mentioned above in the discussion of P. 
lutreola. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 54
Order DIDELPHODONTA McKenna (1975) 
DIDELPHODUS Cope (1882a) 
Type Species — Didelphodus absarokae Cope (1881e) 
Holotype — AMNH 4228 
DIDELPHODUS sp. indet. 
Referred Specimens — UCM 60146, a left Mx, UCM 60147, a right M2, and UCM 
92948, a right Mx 
Stratigraphic range at Raven Ridge — From 121m below to 596m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1a), Utah 
Localities — UCM localities 85263 and 92015 
Description — These specimens were referred to the genus Didelphodus on the basis of 
the elevated trigonid relative to the talonid, the relatively short trigonid relative to the 
talonid, and the lack of an anteriorly directed paracone on the lower molars and the 
triangular shape, and extensive stylar shelf of the upper molars. An excellent description 
is provided by Van Valen (1966) to which the Raven Ridge specimens do not provide 
any additional data. 
Discussion — Didelphodus is a common, if not terribly abundant, component of North 
American Eocene faunas. The genus ranges temporally from early Wasatchian to the 
Duchesnean ‘age’, and geographically from the San Juan Basin of New Mexico to 
southern Saskatchewan (Gunnell et al. 2008a). Didelphodus has been recorded from early 
to mid-Wasatchian strata in the adjacent Piceance Creek Basin (Burger 2009, Kihm 
1984), but the Raven Ridge specimens are the first from the Uintah Basin and the state of 
Utah. This is a small westward geographic range expansion for Didelphodus. 
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 It has been suggested that didelphodontids and their close relatives within 
Cimolesta were nocturnal or crepuscular (Gunnell et al. 2008a), but as almost all taxa 
within this group are known only from dental material, their biology is speculative. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 56
LIPOTYPHLA Haekel (1866) 
Order ERINACEOMORPHA Gregory (1910) 
Family INCERTAE SEDIS 
TALPAVUS Marsh (1872a) 
Type Species — Talpavus nitidus Marsh (1872a) 
Holotype — YPM 13511 
TALPAVUS sp. indet. 
Referred Specimen — UCM 94745, a left M3 
Stratigraphic range at Raven Ridge — Found only at a single locality located 202m 
below the Goniobasis layer, Colton Formation (Graybullian (Wa3-5)), Utah 
Locality — UCM locality 85262 
Description — UCM 94745 is assigned to Talpavus due to its enlarged entoconid with 
closely associated hypoconulid and relatively small hypoconid, as well as its small size, 
which is notably smaller than other erinaceomorphs that have similar morphologies such 
as Scenopagus and Macrocranion. However, the M3 of Talpavus is not diagnostic at the 
species level (Krishtalka 1976a), so this specimen is referred to Talpavus sp. indet. For a 
complete description of Talpavus, see Krishtalka (1976a). 
Discussion — Talpavus has a biostratigraphic range in North America that extends from 
the mid-Graybullian (Wa5) through the end of the Duchesnean (Gunnell et al. 2008b). 
Talpavus is known from the Green River (Zonneveld et al. 2000b), Wind River (Guthrie 
1967), Huerfano (Robinson 1966), Bighorn (Silcox and Rose 2001), and Uinta 
(Krishtalka and Stucky 1984) Basins. Of note, no Talpavus specimens have been 
recovered from the Piceance Creek Basin (Burger 2009, Kihm 1984). The Talpavus 
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specimen from UCM locality 85262, which is Graybullian in age based upon the 
presence of Haplomylus, Meniscotherium, and Phenacolemur, is only the second 
occurrence of the taxon at Raven Ridge, and is considerably lower in section than the 
specimens from Powder Wash. The specimens found at the Powder Wash locality have 
been assigned to T. nitidus by Krishtalka (1976a); however, a single M3 does not provide 
enough morphological information for a species assignment, so UCM 94745 is classified 
only to the genus level. 
 The dentition of Talpavus suggests an insectivorous or omnivorous diet (Gunnell 
et al. 2008b). 
 
Family SESPEDECTIDAE Novacek (1985) 
SCENOPAGUS McKenna and Simpson (1959) 
Type Species — Scenopagus mcgrewi McKenna and Simpson (1959) 
Holotype — AMNH 56035 
SCENOPAGUS sp. indet. 
Referred Specimens — Two P4s, 71 Mxs, eight M3s, six P4s, nine M1s, nine M2s, one M3, 
five Mxs, two dentary fragments with M1-2, two dentary fragments with M2-3, and a 
dentary fragment with M2 
Stratigraphic range at Raven Ridge — From 137m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Utah 
Localities — UCM localities 83219, 85263, 85265, 86140, 86146, 86150, 86155, 87123, 
87135, 87143, 87144, 87146, 87147, 90162, 90163, 90164, 90171, 91243, 91244, 92004, 
92005, 92006, 92007, 92016, 92021, 92027, 92029, and 92030 
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Description — Scenopagus is superficially quite similar in morphology to both Talpavus 
and Macrocranion, but is >30% larger than Talpavus and can be differentiated from 
Macrocranion on the basis of the morphology of its cheek teeth. Specifically, the lower 
molars of Scenopagus have trigonids elevated relative to the talonids, extremely reduced 
paraconids, and entoconids that are considerably larger than both the hypoconulid (with 
which it is closely associated) and hypoconid. The upper molars of Scenopagus have a 
distinct hypocone and well-developed parastylar and metastylar lobes, but they are not 
fully quadratubercular in shape, unlike those seen in Macrocranion. For a more complete 
description of Scenopagus, see Krishtalka (1976a). 
Discussion — Scenopagus has a biostratigraphic range in North America from the early 
Wasatchian (Wa1) through the end of the Uintan (Ui3) (Gunnell et al. 2008b), and, like 
Talpavus, is questionably known from the early Eocene of Europe (McKenna and Bell 
1997). Scenopagus also has a wide geographic distribution, being found ubiquitously 
across the basins of the Rocky Mountain Region during the Wasatchian, Bridgerian, and 
Uintan NALMA (Gunnell et al. 2008b). It has been noted that Scenopagus edenensis, S. 
priscus, and S. curtidens overlap one another in morphospace (Krishtalka 1976a), making 
them extremely difficult to differentiate on the basis of isolated teeth. Previously 
identified specimens from Powder Wash have been referred to both S. priscus and S. 
edenensis (Krishtalka 1976a), so it is likely that these two taxa are included in the UCM 
Raven Ridge sample. 
 The UCM specimens of Scenopagus from Raven Ridge are consistent with the 
known biostratigraphic and biogeographic distribution of the taxon, but represent a local 
increase in stratigraphic range from Br1b down to Wa5. 
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MACROCRANION Weitzel (1949) 
Type Species — Macrocranion tupaiodon Weitzel (1949) 
Holotype — ME 4403a 
MACROCRANION sp. cf. MACROCRANION NITENS 
Referred Specimens — One P4, 33 Mxs, six M3s, one P4, eight M1s, three M2s, three M3s, 
two Mxs, and a dentary fragment containing P4-M1 
Stratigraphic range at Raven Ridge — From 276m to 32m below the Goniobasis layer, 
Colton and Green River Formations (Graybullian (Wa3-5) to Wa7), Colorado and Utah 
Localities — UCM localities 85262, 85263, 85265, 86142, 86144, 86145, 86150, 86152, 
86162, 87123, 87131, 87138, 87143, 87146, 87147, and 92028 
Description — The UCM specimens referred here to Macrocranion can be recognized by 
the reduced height of the trigonid relative to Scenopagus, and by the more rectangular 
shape and lack of parastylar and metastylar shelves on the upper molars. A detailed 
description of Macrocranion can be found in Krishtalka (1976a). The specimens are 
assigned to Macrocranion sp. cf. M. nitens based upon their stratigraphic occurrence, as 
discussed below. 
Discussion — The two species of Macrocranion (M. nitens and M. robinsoni) are 
extremely similar in morphology and size, but have different biostratigraphic ranges. 
They are differentiated by the size of M3 relative to M1-2, a character which is obviously 
not useful for isolated specimens. Macrocranion nitens is known from the Bighorn 
(Bown et al. 1993, Schankler 1980, Silcox and Rose 2001), Sand Wash (Archibald et al. 
1987), San Juan (Lucas et al. 1981), and Piceance Creek (Burger 2009, Kihm 1984) 
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Basins and has been found only in from Wasatchian strata, a pattern which is consistent 
with its stratigraphic distribution at Raven Ridge (Wa5-7). 
 The UCM specimens identified here to Macrocranion from Raven Ridge are the 
first occurrence of this taxon in the Uinta Basin and the state of Utah. 
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Order SORICOMORPHA Gregory (1910) 
Family GEOLABIDIDAE McKenna (1960b) 
CENTETODON Marsh (1872b) 
Type Species — Centetodon pulcher Marsh (1872b) 
Holotype — YPM 13507 
Comments — Centetodon is found at Graybullian (Wa3-5)-Br1a localities at Raven 
Ridge, although UCM Locality 92030 is the only locality to produce more than a single 
specimen. The genus is geographically and biostratigraphically widespread and speciose 
throughout the Eocene and Oligocene in North America (Gunnell et al. 2008 and 
references therein). Both recognized early to middle Eocene species of Centetodon (C. 
pulcher and C. bembicophagus) have been previously reported from the Powder Wash 
locality at Raven Ridge (Gunnell and Bartels 1999, Krishtalka and Stucky 1984, 
Lillegraven et al. 1981). While Centetodon is rare in all faunas in which it is found, this 
may be due, in part, to a collecting bias due to the taxon’s tiny size. Isolated Centetodon 
teeth are too small to be preferentially collected by ants and almost impossible to find by 
surface collecting, which probably results in an almost universal underrepresentation of 
Centetodon and other similarly sized taxa in fossil collections. 
CENTETODON PULCHER Marsh (1872b) 
Referred Specimens — To P4s, one M1, and a left dentary fragment containing P4-M1 
Stratigraphic range at Raven Ridge — From 61m below to 567m above the Goniobasis 
layer, Colton and Green River Formations (Wa6 to Br1a), Utah 
Localities — UCM localities 86144, 90163, 92016, and 92029 
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Description — The UCM specimens are assigned to Centetodon based upon the elevated 
and narrow lower molar trigonid with sharp cusps, low talonid with closely spaced 
hypoconulid and entoconid, and the simple (lacks cusps) lingually-located heel on the 
P4s. They are differentiated from specimens of C. bembicophagus based on their 
relatively large size (20% larger). For a more complete description of Centetodon at both 
the generic and species level,  see Lillegraven et al. (1981). 
Discussion — Centetodon pulcher has previously been recorded from Uintan strata in the 
Big Bend Area of Texas, Br2-3 strata of the Bridger Formation in the Green River Basin, 
and the Powder Wash locality at Raven Ridge (Gunnell et al. 2008b and references 
therein). The C. pulcher specimens from the UCM collections extend biostratigraphic 
range of this taxon into the late Wasatchian (Wa6) for the first time, and also provide the 
first record of C. pulcher in the earliest Bridgerian (Br1a). 
CENTETODON BEMBICOPHAGUS Lillegraven et al. (1981) 
Referred Specimens — One P4, one M2, and a fragment of left dentary containing M1-2 
Stratigraphic range at Raven Ridge — From 121m below to 172m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Wa7), Utah 
Localities — UCM localities 85263 and 92030 
Description — The UCM specimens are assigned to Centetodon based upon the elevated 
and narrow lower molar trigonid with sharp cusps, low talonid with closely spaced 
hypoconulid and entoconid, and the simple (lacks cusps) lingually-located heel on the 
P4s. They are differentiated from C. pulcher based on their relatively small size (20% 
smaller). 
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Discussion — Centetodon bembicophagus has been previously recorded from the Friars 
Formation (Uintan) of California, the Wind River Formation (Wa7-Br1) of the Wind 
River Basin, the Bridger Formation (Br1-3) in the Green River Basin, and Powder Wash 
at Raven Ridge (Gunnell et al. 2008b and references therein). The C. bembicophagus 
specimen from locality UCM 85263 is judged to be Graybullian (Wa3-5) in age due to its 
co-occurrence with typical Graybullian taxa such as Apheliscus and Teilhardina. This 
locality is closely associated with several Lysitean (Wa6) localities, which is consistent 
with it being latest Graybullian in age. This stratigraphic occurrence still represents a 
significant biostratigraphic range extension for C. bembicophagus from the Wa7 
biochron down into the latest Wa5 biochron. 
 
Family NYCTITHERIIDAE Simpson (1928) 
NYCTITHERIUM Marsh (1872a) 
Type Species — Nyctitherium velox Marsh (1872a) 
Holotype — YPM 13510 
NYCTITHERIUM SEROTINUM 
Referred Specimens — One Mx, four M1s, one M2, a partial left dentary with P4-M3, and 
a partial right maxillary with P4-M1 
Stratigraphic range at Raven Ridge — From 444m to 767m above the Goniobasis layer, 
Green River Formation (Br1b), Utah 
Localities — UCM localities 83219, 89008, 90163 
Description — The UCM specimens are assigned to Nyctitherium based on presence of a 
forward-pointing paraconid and lingually-placed hypoconulid on the lower molars, and 
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the large, anteriorly-directed hypocone and pre- and post- proto and metacristae on the 
upper molars. The specimens are assigned to N. serotinum on due to a lack of a cingulid 
on P4-M3 (Krishtalka 1976b). Gunnell et al. (2008b) provided an adequate generic 
description for Nyctitherium, while Krishtalka (1976b) provided more detailed species 
descriptions. 
Discussion — Nyctitherium has a well-established biostratigraphic range in North 
America from the mid-Wasatchian (Dorr 1978) into the Duchesnean (Maas 1985), so its 
appearance in early Bridgerian sediments at Raven Ridge is not unexpected. 
Questionably identified Nyctitherium specimens have also been reported from Paleocene 
sediments in southern Alberta and eastern Montana (Fox 1988, Wolberg 1979), but I 
follow Gunnell et al. (2008b) in suggesting the genus be treated as an Eocene taxon until 
a full taxonomic revision has included these specimens. Nyctitherium is known from 
other Wa-Br boundary sections in the Huerfano (Robinson 1966), Wind River (Stucky 
1984a), and Green River (Zonneveld et al. 2000b) Basins, with N. serotinum being by far 
the most common species throughout the Rocky Mountain Region during this time 
interval. Nyctitherium serotinum has previously been reported from the Powder Wash 
locality at Raven Ridge (Gunnell and Bartels 1999, Krishtalka 1976b, Krishtalka and 
Stucky 1984) so its occurrence at other localities in the area is not surprising. 
 Nyctitherium is a rare component of Wasatchian/Bridgerian faunas in North 
America, so the presence of only eight specimens from three localities at Raven Ridge is 
not out of the ordinary. The teeth are actually too small to be preferentially collected by 
ants; which means, as with Centetodon, the paucity of specimens may also be a result of a 
collection bias. This size bias against collection of tiny insectivores such as Nyctitherium 
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has also been suggested to be the reason no specimens of this taxon are known from the 
neighboring Piceance Creek Basin (Burger 2009), and why the taxon is so poorly 
represented in many fossil collections. 
 Almost nothing is known of nyctitheriid postcranial morphology, as articulated 
material has yet to be found. However, Hooker (2001) made a case that astragali and 
calcanea from the late Eocene Solent Group in the Hampshire Basin, U.K., can be 
tentatively assigned to the European nytitheriid genus Cryptotopus. The morphology of 
the ankle bones suggests that inversion of the pes was possible, leading to paleobiological 
interpretation that the taxon had a scansorial, tree-dwelling mode of life similar to 
modern tree-shrews (Hooker 2001). 
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‘PLESIADAPIFORMES’ 
Family PLESIADAPIDAE Trouessart (1897) 
PLESIADAPIS Gervais (1877) 
Type Species — Plesiadapis tricuspidens Gervais (1877) 
Holotype — MNHN Crl-16 
PLESIADAPIS sp. indet. 
Referred Specimens — UCM 55672, a left M1, and UCM 64842, a left I1, both specimens 
are missing from the UCM collections 
Stratigraphic range at Raven Ridge — From 202m to 159m below the Goniobasis layer, 
Colton Formation, (Graybullian (Wa3-5)) Colorado and Utah 
Localities — UCM localities 85262 and 87142 
Description — An adequate description of Plesiadapis is provided by Gingerich (1974a). 
Discussion — Plesiadapis is extremely common in late Paleocene faunas in North 
America (Gingerich 1976a, Rose 1981) but is not thought to have survived beyond the 
earliest Wasatchian (Rose and Bown 1982). If the Raven Ridge specimens are accurately 
identified and not reworked, they would represent the youngest occurrence of the genus 
in North America. However, Cretacous-aged shark and hadrosaur teeth have been found 
at several Raven Ridge localities (Eaton et al. 1989), including locality 87142, indicating 
the presence of reworked and deposited specimens in the fauna. It is certainly possible 
that a small relict population of Plesiadapis survived at Raven Ridge into Wa4 or Wa5, 
but given the lack of corroboration from numerous coeval faunas, these occurrences at 
Raven Ridge are treated as highly dubious, and likely the result of reworked Paleocene 
sediments being re-deposited during the Wasatchian. This position is easily modified 
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should some new specimens be found, either at Raven Ridge or in another location, that 
challenge the biostratigraphic range of Plesiadapis in North America. 
 While the occurrence of Plesiadapis at Raven Ridge during the Wasatchian is a 
cause for skepticism, the taxon has been recorded all over North America during the 
Paleocene (Silcox and Gunnell 2008), including in the late Paleocene of the Piceance 
Creek Basin (Burger 2009), indicating Raven Ridge is not widely removed from the 
biogeographic range of Plesiadapis as it is currently understood. 
 
Family CARPOLESTIDAE Simpson 
CARPOLESTES Simpson (1928) 
Type Species — Carpolestes nigridens Simpson (1928) 
Holotype — AMNH 22159 
CARPOLESTES sp. indet. 
Referred Specimen — UCM 55636, a partial left P3 
Stratigraphic occurrence at Raven Ridge — Found 159m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Colorado 
Locality — UCM locality 87142 
Description — Rose (1975) provides a good description of Carpolestes, as do Bloch and 
Gingerich (1998). UCM 55636 shows the typical Carpolestes P3 morphology of three 
rows of cusps that run anteroposteriorly, with the lingual row made up of two larger 
cusps, the middle row being much lower, and the labial row consisting of numerous cusps 
that form the extended parastyle. The parastyle is missing from UCM 55636, although 
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the shape of the anterior cingulum clearly shows the tooth had an anteriorly projecting 
shelf. 
Discussion — Carpolestes is typically found in mid to late Paleocene sediments 
throughout North America, with no specimens being reliably identified from Wasatchian 
and younger sediments. Obviously, the Raven Ridge Carpolestes specimen could 
represent a notable stratigraphic range extension. However, as has been noted previously 
in Chapter 2, and in the discussion of another temporally aberrant taxon, Plesiadapis, 
there is evidence of reworked fossils from as early as the Cretaceous at Raven Ridge 
(Eaton et al. 1989). This means that any major abnormalities in stratigraphic occurrence 
need to be viewed with skepticism until corroborating data has been acquired. In this 
case, the singleton Carpolestes specimen is treated as a reworked specimen that was 
eroded out and re-deposited during the mid-Wasatchian, not as evidence of a relict 
population of Carpolestes at Raven Ridge. It is noted, however, that carpolestids did 
survive into the Eocene in Asia (Beard and Wang 1995, Bloch et al. 2007).  
 While the temporal provenance of the Raven Ridge Carpolestes specimen is 
suspect, its presence in the fauna indicates the taxon was present in the area at some point 
prior to the mid-Wasatchian, and as such represents a minor geographical range 
expansion; which, given the wide geographic range of carpolestids during the Paleocene, 
including specimens of Carpodaptes from the adjacent Piceance Creek Basin (Burger 
2009), is not outlandish. 
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Family PAROMOMYIDAE Simpson (1940) 
PHENACOLEMUR Matthew (1915c) 
Type Species — Phenacolemur praecox Matthew (1915c) 
Holotype — AMNH 16102 
PHENACOLEMUR CITATUS Matthew (1915c) 
Referred Specimens — Nine P4s, three M1s, three M2s, three M3s, three P4s, one M1, two 
M2s, and five M3s 
Stratigraphic range at Raven Ridge — From 165m to 46m below the Goniobasis layer, 
Colton and Green River Formations (Graybullian (Wa3-5) to Wa7), Colorado and Utah 
Localities — UCM localities 85263, 85265, 86143, 86144, 86145, 86146, 87027, 87028, 
87123, 87124, 87130, 87142, and 87147 
Description — Doi (1990) provides an adequate diagnosis of Phenacolemur citatus that 
includes comparative analysis with other specimens from Raven Ridge and congeneric 
specimens from the Bighorn Basin. Table 3 provides measurements for relevant 
specimens. 
Discussion — Phenacolemur citatus has been found previously in Wa5-aged Willwood 
Formation beds in the Bighorn Basin (Schankler 1980) and the Wa6-aged Lysite Member 
of the Wind River Formation in the Wind River Basin (Guthrie 1967, Stucky 1984a). The 
Raven Ridge P. citatus specimens are found in Wa5-Wa7-aged sediments, providing a 
modest biostratigraphic range extension in addition to a considerable biogeographic range 
extention for the taxon. The Raven Ridge specimens are the first record of P. citatus from 
the Uinta Basin and the State of Utah and the first record of the taxon outside of 
Wyoming. 
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  n Min. Max. Mean DEV2 VAR STDEV
P4 Length 9 2.45 1.70 2.61 0.13 0.02 0.13 
 Width 9 1.56 1.95 1.80 0.15 0.02 0.14 
M1 Length 3 2.21 2.53 2.42 0.07 0.03 0.18 
 Width 3 1.80 1.85 1.90 0.04 0.02 0.14 
M2 Length 3 2.48 2.68 2.54 0.03 0.01 0.12 
 Width 3 1.99 2.07 2.02 0.00 0.00 0.05 
M3 Length 3 3.32 3.48 3.40 0.01 0.01 0.08 
 Width 3 1.89 1.97 1.92 0.00 0.00 0.04 
P4 Length 3 2.16 2.24 2.19 0.00 0.00 0.04 
 Width 3 2.58 2.72 2.64 0.01 0.01 0.07 
M1 Length 1 2.45      
 Width 1 2.90      
M2 Length 2 2.26 2.65 2.46 0.08 0.08 0.28 
 Width 2 2.94 3.00 2.97 0.00 0.00 0.04 
M3 Length 5 2.37 2.51 2.44 0.02 0.00 0.06 
 Width 5 2.45 2.68 2.57 0.05 0.01 0.11 
 
Table 3: Measurements for Phenacolemur citatus cheek tooth specimens from Raven 
Ridge. 
 
 
PHENACOLEMUR JEPSENI Simpson (1955) 
Referred Specimens — Three P4s, one M1, one M2, two M1s, four M2s, and two M3s 
Stratigraphic range at Raven Ridge — From 169m to 61m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5) to Wa6), Colorado and Utah 
Localities — UCM localities 85263, 85265, 86146, 87034, 87036, 87123, 87129, and 
87131 
Description — Doi (1990) provides an adequate diagnosis of Phenacolemur jepseni that 
includes comparative analysis with other specimens from Raven Ridge and congeneric 
specimens from the Bighorn Basin. Phenacolemur jepseni is differentiated from P. 
citatus based largely on the base of the P4 being more labio-lingually compressed in the 
former taxon, but the cingula on the upper and lower molars are also useful in 
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differentiating the two taxa (see Doi [1990] for a review). Table 4 provides measurements 
for relevant specimens. 
Discussion — Phenacolemur jepseni is known from the Wasatchian San Jose Formation 
of the San Juan Basin, New Mexico (Lucas et al. 1981), and the Wa7 Cathedral Bluff 
Tongue of the Wasatch Formation in the Washakie Basin (Zonneveld et al. 2000b). The 
Raven Ridge specimens are the first occurrence of this taxon from the Uinta Basin and 
the State of Utah, and the biostratigraphic range of the taxon is filled out somewhat to 
include the Wa6 and Wa5 biochrons. Specimens assignable to P. jepseni are not found at 
any Wa7 or Bridgerian localities, but there are some Phenacolemur specimens that could 
not be diagnosed to the species level found in these strata, so the biostratigraphic range of 
P. jepseni at Raven Ridge should be viewed as a minimum estimate. 
 
  n Min. Max. Mean DEV2 VAR STDEV
P4 Length 3 2.23 2.62 2.48 0.09 0.05 0.21 
 Width 3 1.37 1.60 1.46 0.03 0.02 0.13 
M1 Length 1 2.43      
 Width 1 1.84      
M2 Length 1 2.08      
 Width 1 1.64      
M1 Length 2 2.25 2.33 2.29 0.00 0.00 0.06 
 Width 1 2.84      
M2 Length 4 2.15 2.21 2.18 0.00 0.00 0.03 
 Width 4 2.72 2.79 2.76 0.00 0.00 0.03 
M3 Length 2 1.90 1.97 1.94 0.00 0.00 0.05 
 Width 2 2.24 2.39 2.32 0.01 0.01 0.11 
 
Table 4: Measurements for Phenacolemur jepseni cheek tooth specimens from Raven 
Ridge. 
 
 
PHENACOLEMUR SIMONSI Bown and Rose (1976) 
Referred Specimens — UCM 56515 a left P4, UCM 56609 a right P4, and UCM 56569 a 
left M1 
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Stratigraphic range at Raven Ridge — From 199m to 169m below the Goniobasis layer 
in the Mormon Gap area of Raven Ridge, Colton Formation, (Graybullian (Wa3-5)), 
Colorado and Utah 
Localities — UCM localities 87129 and 87131 
Description — Doi (1990) provides an adequate description of Phenacolemur simonsi 
from Raven Ridge, which does not add any new morphological data to the original 
description of Bown and Rose (1976). Table 5 shows measurements for the available 
specimens. 
Discussion — Phenacolemur simonsi is differentiated from other Phenacolemur species 
based on its small size. The three Raven Ridge specimens are similar in size to the type 
material from the Bighorn Basin (Bown and Rose 1976), and have been discussed at 
length by Doi (1990) as part of his Master’s thesis, so their morphology will not be 
discussed further here.  
Phenacolemur simonsi has previously been found in early to mid-Wasatchian 
(Wa0-4) faunas from the Clark’s Fork (Bown and Rose 1987), Bighorn (Bown 1979a, 
Bown et al. 1993) and Powder River (Delson 1971) Basins, and from the Clarkforkian of 
the Washakie Basin (Rose 1981). The Raven Ridge specimens represent a modest 
biostratigraphic range extension from Wa4 into Wa5, and a geographic range extension 
to the West and South of previously known occurrences (this is also the first time the 
taxon has been found outside of Wyoming). 
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  n Min. Max. Mean DEV2 VAR STDEV
P4 Length 2 1.75 1.83 1.79 0.00 0.00 0.06 
 Width 2 1.15 1.27 1.21 0.01 0.01 0.08 
M1 Length 1 1.84      
 Width 1 2.83      
 
Table 5: Measurements for Phenacolemur simonsi specimens from Raven Ridge. 
 
 
PHENOCOLEMUR sp. indet. 
Referred Specimens — Five P4s, 15 M1s, 13 M2s, nine M3s, three Mxs, three I1s, one 
partial P4, six M1s, 14 M2s, six M3s, and three Mxs. Of these specimens, one M1, three 
M3s, one Mx and one Mx are missing from the UCM collections.  
Stratigraphic range at Raven Ridge — From 202m below to 493m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Wa7), Colorado and 
Utah 
Localities — UCM localities 85262, 85263, 85264, 86137, 86139, 86141, 86143, 86144, 
86145, 86150, 86152, 87026, 87028, 87034, 87036, 87123, 87129, 87141, 87146, 87147, 
90162, 90169, 90170, 92020, and 92030. 
Description — Silcox and Gunnell (2008) provide an adequate description of the dental 
characteristics of this genus although Bown and Rose (1976) provide some more detailed 
taxonomic comparisons. Table 6 shows measurements for the assigned specimens. 
Discussion — The biostratigraphic range of Phenacolemur at Raven Ridge, Wa5-7, is 
consistent with other known occurrences of the genus in numerous other basins (see 
Silcox and Gunnell [2008] and references therein). The relative abundance of 
Phenacolemur specimens at Raven Ridge (quite abundant in Wa5 localities, less so in 
Wa6 localities, and quite rare in Wa7 localities) is also consistent with known patterns of 
occurrence throughout North America.  
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 While postcranial material assignable to Phenacolemur has yet to be found, the 
taxon shares numerous dental and cranial similarities with other members of the Family 
Paromomyidae with postcrania that are highly adapted to arboreal lifestyles (Bloch and 
Boyer 2001, 2007). The presence of three coeval species at Raven Ridge (P. citatus, P. 
jepseni, and P. simonsi, all described below) from the same genus suggest habitat and 
resource partitioning and possibly a complex arboreal canopy system that allowed for the 
niche diversification. 
 
  n Min. Max. Mean DEV2 VAR STDEV
P4 Length 5 2.45 2.86 2.60 0.13 0.03 0.18 
 Width 5 1.34 1.84 1.56 0.19 0.05 0.22 
M1 Length 13 2.09 3.02 2.58 0.75 0.06 0.25 
 Width 14 1.56 2.22 1.98 0.38 0.03 0.17 
M2 Length 12 2.22 3.66 2.69 1.98 0.18 0.42 
 Width 12 1.65 2.97 2.09 1.39 0.13 0.36 
M3 Length 5 2.19 3.48 3.22 0.17 0.04 0.20 
 Width 6 1.60 2.06 1.75 0.03 0.02 0.15 
P4 Length 1 2.31      
 Width 0       
M1 Length 6 2.22 3.58 2.66 1.22 0.24 0.49 
 Width 5 2.78 4.15 3.23 1.18 0.29 0.54 
M2 Length 13 2.23 3.53 2.47 1.31 0.11 0.33 
 Width 13 2.74 4.57 3.19 2.50 0.13 0.46 
M3 Length 4 2.36 2.81 2.62 0.11 0.04 0.19 
 Width 4 2.41 3.12 2.83 0.28 0.09 0.30 
 
Table 6: Measurements for Phenacolemur sp. indet. specimens from Raven Ridge. 
 
 
IGNACIUS Matthew and Granger (1921) 
Type Species — Ignacius frugivorus Matthew and Granger (1921) 
Holotype — AMNH 17368 
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IGNACIUS sp. indet. 
Referred Specimens — UCM 92514, a right Mx, and UCM 92515, a left deciduous P4, 
both of which are missing from the UCM collections 
Stratigraphic range at Raven Ridge — From 46m to 32m below the Goniobasis layer, 
Colton and Green River Formations (Wa6-7), Colorado and Utah 
Localities — UCM localities 86150 and 87146 
Description — An adequate generic description is provided by Silcox and Gunnell 
(2008).  
Discussion — Ignacius is a biogeographically widespread taxon, known from 
Torrejonian through Uintan deposits from all over North America and even Asia (Silcox 
and Gunell [2008] and references therein) so its presence at Raven Ridge is not 
unexpected. While the genus is most common in Tiffanian-aged strata in North America, 
I. graybullianus is known from the mid-Wasatchian Willwood Formation in the Bighorn 
and Clark’s Fork Basins in Wyoming (Clyde 2001, Gingerich 2001, Gunnell and Bartels 
2001a) and I. mcgrewi is known from the early Bridgerian of the Green River Basin 
(West and Dawson 1973). Ignacius frugivorus was described by Burger (2009) from the 
Clarkforkian of the adjacent Piceance Creek Basin, but no specimens from the genus 
have been found above the P/E boundary. At no point in the Eocene is Ignacius an 
abundant component of any fauna, a rule which is consistent with the presence of only 
two specimens from Raven Ridge. 
 The Raven Ridge Ignacius specimens represent the first occurrence of the genus 
in the Uinta Basin and, at Wa7 in age, they are biogeographically and biostratigraphically 
consistent with previous occurrences of the taxon in North America. However, as the 
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UCM specimens are missing from the collections, this occurrence must be treated with 
caution until the specimens can be recovered or new Ignacius specimens are found at 
Raven Ridge. 
 
Family MICROSYOPIDAE Osborn and Wortman (1892) 
UINTASOREX Matthew (1909) 
Type Species — Uintasorex parvulus Matthew (1909) 
Holotype — AMNH 12052, a fragmentary right dentary containing P4-M1 
UINTASOREX PARVULUS  
Referred Specimens — 30 I1s, seven P4s, one M1, two M2s, four M3s, nine Mxs, one P3, 
one P4, twelve Mxs, a fragment of right dentary containing M2-3, and a fragment of right 
maxillary containing M2-3. 
Stratigraphic range at Raven Ridge — From 157m below to 777m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 83219, 85263, 85264, 86144, 86145, 86150, 86155, 86161, 
86162, 87036, 87123, 87124, 87144, 87147, 90159, 90171, 91244, and 92030 
Description — The UCM Raven Ridge specimens are referable to Uintasorex on the 
basis of the lanceolate lower incisors, the P4s with small paraconids and metaconids, the 
lower molars with poorly developed to absent paraconids and relatively broad talonids, 
upper molars without hypocones, and their extremely small size relative to other 
microsyopids. The specimens are referred to Uintasorex sp. cf. U. parvulus as they do not 
show any of the P4 trigonid modifications or reduced labial cingulum on M1-3 that are 
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diagnostic of U. montezumicus (Lillegraven 1976). A complete description of Uintasorex 
is provided by Szalay (1969b). The differences between U. parvulus and U. 
montezumicus are laid out by Lillegraven (1976). 
Discussion — The genus Uintasorex has a lengthy biostratigraphic range (Wa5 through 
the end of the Uintan) (Silcox and Gunnell 2008), and an extremely large geographic 
range, including southern California (Lillegraven 1976), the Uinta, Green River, Bighorn, 
and Wind River Basins (Gunnell and Bartels 1999, Gunnell et al. 1992, Krishtalka and 
Stucky 1984, Stucky 1984c), and southern Saskatchewan (Storer 1996). Uintasorex 
parvulus has previously been found in early to middle Bridgerian sediments of the Wind 
River, Bighorn, and Green River Basins (Gunnell et al. 1992, Stucky 1984c), and 
Uintasorex sp. cf. U. parvulus is recorded from the Carnegie Museum collections from 
Powder Wash at Raven Ridge (Gunnell and Bartels 1999, Krishtalka and Stucky 1984). 
The UCM Raven Ridge specimens extend the biostratigraphic record of U. parvulus back 
into the mid to late Wasatchian, which is consistent with the known biostratigraphic 
range of the genus. 
 
ARCTODONTOMYS Gunnell (1985) 
Type Species — Arctodontomys simplicidens Rose (1981) 
Holotype — UM 67214 
ARCTODONTOMYS NUPTUS Cope (1882b) 
Holotype — AMNH 4699, a right mandible with P4-M2 from the Bighorn Basin 
Referred Specimen — UCM 56683, a left M2 
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Stratigraphic occurrence at Raven Ridge — The specimen is from UCM locality 89006, 
225m below the Goniobasis layer, Colton Formation (Graybullian (Wa3-5)), Utah 
Locality — UCM locality 89006 
Description — This specimen is typical of Arctodontomys in that its morphology is very 
similar to that of Microsyops with the exception that it lacks a mesostyle. The specimen is 
larger (L: 3.53mm, W: 4.7mm) than described specimens of A. wilsoni and A. 
simplicidens, but similar in size to the measured A. nuptus specimen from the Clark’s 
Fork Basin published by Gunnell (1989). A full description of Arctodontomy nuptus is 
provided by Gunnell (1985). 
Discussion — Arctodontomys nuptus has previously been found only in Wa3-aged 
sediments from the Clark’s Fork and Bighorn Basins and Wa2-3-aged sediments from the 
Four Mile Creek area in northwestern Colorado (Gunnell 1989, McKenna 1960a). This 
taxon is relatively poorly represented in the fossil record, and little is known about its 
biology (Gunnell 1985, 1989). It is suggested here that the presence at Raven Ridge of A. 
nuptus is indicative of Wa3-aged strata at the base of the Raven Ridge stratigraphic 
section. The occurrence of this taxon at Raven Ridge is also a notable geographic range 
increase to the South and West of its previously known occurrences. The Raven Ridge A. 
nuptus specimen is the first from both the Uinta Basin and the state of Utah. 
For further discussion on the biostratigraphic significance of Arctodontomys, see 
the discussion below regarding A. wilsoni. 
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ARCTODONTOMYS sp. indet. cf. ARCTODONTOMYS WILSONI 
Referred Specimens — UCM 56680, a partial left Mx, UCM 56681, a left M3, UCM 
56682, a right P4, UCM 64388, a right M3, UCM 64389, a left M1, UCM 64390, a left 
M2, UCM 64728, a right M1, and UCM 64729, a left M1 
Stratigraphic range at Raven Ridge — From 225m to 199m below the Goniobasis layer. 
Localities — UCM localities 85262, 87129 and 89006, Colton Formation (Graybullian 
(Wa3-5)), Utah 
Description — These specimens show typical Arctodontomys morphology in that there 
are distinct paracones on the lower molars, the cusps are more acute than in Microsyops, 
and the upper molars lack a mesostyle. The specimens are differentiated from A. nuptus 
by their relatively small size (see table 7), and from A. simplicidens by the presence of a 
paraconid on the P4. Arctodontomys wilsoni is slightly smaller than A. simplicidens, but 
the two taxa overlap in both size and molar morphology, resulting in an inability to assign 
isolated specimens to species with confidence. However, A. wilsoni is geographically 
more widespread, and the UCM specimens seem more similar in size to this taxon rather 
than A. simplicidens, so a tentative taxonomic assignment is possible. A full description 
of A. wilsoni and A. simplicidens can be found in Gunnell (1985). 
Discussion — Arctodontomys wilsoni has previously been reported from early to middle 
Wasatchian (Wa1-3) sediments of the Willwood formation in the Clark’s Fork and 
Bighorn Basins (Gunnell 1985, 1989), the Sand Wash Basin (as Microsyops 
wilsoni)(McKenna 1960a), Powder River Basin (as M. wilsoni)(Delson 1971), and the 
Piceance Creek Basin (Burger 2009, Kihm 1984). The taxon has also been reported (as 
M. wilsoni) from Wa6 sediments of the San Juan Basin (Lucas et al. 1981), although this 
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occurrence was not addressed in Gunnell’s otherwise very thorough treatment of the 
Microsyopidae (Gunnell 1985, 1989). 
 The biostratigraphic distribution of Arctodontomys wilsoni in other basins is 
consistent with its occurrence in Graybullian-aged (Wa3-5) strata at the base of the 
Raven Ridge stratigraphic section. It has been suggested by numerous authors that the 
taxon is restricted to the Wa1-3 biochrons (Gunnell 1985, 1989, Silcox and Gunnell 
2008), and the genus has been suggested as an index taxon for the Sancoulean (Wa0-2) 
biozone (Robinson et al. 2004). If these hypotheses are correct, the appearance of both A. 
wilsoni and A. nuptus at Raven Ridge suggest the base of the Raven Ridge section 
includes both early (Wa3) and later (Wa4-5) Graybullian strata. However, as noted 
above, A. wilsoni has been reported from Lysitean beds in the San Juan Basin (Lucas et 
al. 1981), and more recently, Burger (2009) recorded A. wilsoni from 50-550m above the 
basal Wasatch Formation contact in the Piceance Creek Basin, sediments that are 
biostratigraphically dated as Wa1-Wa5 in age. These later occurrences of A. wilsoni in 
more southern basins suggest the taxon may have been longer-lived that previously 
thought, and that its biostratigraphic range extends up into the mid-Wasatchian.  
 The survival of Arctodontomys into the Graybullian and possibly Lysitean in 
more southern areas such as the Uinta, Piceance Creek, and San Juan Basins is consistent 
with a gradual southward migration of the taxon’s geographic range throughout the 
Wasatchian. If this is the case, the genus should not be used as an index taxon for the 
Wa1-3 biozones. 
 The Raven Ridge A. wilsoni specimens are the first record of the genus from both 
the Uinta Basin and the state of Utah. 
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  n Min. Max. Mean 
P4 Length 1 3.26   
 Width 1 1.99   
M1 Length 1 2.59   
 Width 1 1.77   
M2 Length 1 2.95   
 Width 1 2.46   
M3 Length 1 3.00   
 Width 1 1.89   
Mx Length     
 Width 1 2.10   
M1 Length 2 2.39 2.55 2.47 
 Width 2 3.41 3.47 3.44 
M3 Length 1 2.30   
 Width 1 2.92   
 
Table 7: Measurements for Arctodontomys cf. A. wilsoni specimens from Raven Ridge. 
 
 
MICROSYOPS Leidy (1872) 
Type Species — Microsyops elegans Marsh (1871a) 
Holotype — YPM 11794 
MICROSYOPS sp. indet. 
Referred Specimens — 18 P3s, 168 P4s, 149 M1s, 122 M2s, 143 M3s, ten Mxs, six P3s, 95 
P4s, 120 M1s, 111 M2s, 245 M3s, and 18 Mxs 
Stratigraphic range at Raven Ridge — From 202m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 83219, 85262, 85263, 85263, 85265, 86136, 86137, 86138, 
86139, 86140, 86141, 86142, 86143, 86144, 86145, 86146, 86150, 86152, 86153, 86155, 
86159, 86160, 86161, 86162, 86163, 87028, 87029, 87031, 87034, 87036, 87038, 87117, 
87119, 87120, 87121, 87122, 87123, 87128, 87130, 87131, 87133, 87135, 87136, 87139, 
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87140, 87141, 87143, 87144, 87146, 87147, 89004, 89005, 89007, 89008, 90156, 90159, 
90160, 90161, 90162, 90163, 90164, 90165, 90166, 90167, 90169, 90170, 90171, 90172, 
90173, 91242, 91243, 91244, 92001, 92004, 92005, 92006, 92007, 92009, 92010, 92011, 
92012, 92013, 92014, 92015, 92016, 92017, 92019, 92020, 92021, 92022, 92024, 92026, 
92027, 92029, 92030, and 92138 
Description — These specimens are assigned to the genus Microsyops based on the 
presence of a metaconid on P4, a metacone on P4, a distinct (but small) paraconid with a 
reduced paracristid on the lower molars, and the presence of a mesostyle and metaconule 
on the upper molars (Gunnell 1989). Species differentiation within the genus Microsyops 
is difficult and largely dependent upon the degree of molarization of the P4 and P4, 
although there is considerable overlap in morphospace between taxa, both in terms of 
tooth size and presence/absence/degree of development of dental features (Gunnell 1989, 
Szalay 1969a). The isolated Microsyops teeth from Raven Ridge are consistent in size 
and stratigraphic occurrence with numerous previously described species (M. 
angustidens, M. cardiorestes, M. annectens, M. knightensis, M. elegans, M. latidens, and 
M. scottianus, see Table 8, Gunnell 1985, Gunnell 1989). However, the assignment of 
these isolated teeth to species is not possible given the currently available species 
diagnoses. To this end, I follow previous researchers working on material from the 
Powder Wash locality (UCM Locality 83219) in referring all isolated Microsyops 
specimens to Microsyops sp. indet. (a single specimen from the Carnegie Museum of 
Natural History collections from Powder Wash is referred to Microsyops cf. elegans, but 
this specimen is a partial dentary containing multiple teeth, a luxury not available in the 
UCM collections for this taxon).  
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Discussion — Microsyops is a common component of Wasatchian and Bridgerian faunas 
in the Rocky Mountain Region, but never reaches the high levels of species diversity seen 
in some of the omomyid taxa (Silcox and Gunnell 2008). The genus has been found in 
the Wind River, Green River, Huefano, Piceance Creek, and Bighorn Basins as well as 
just about every other Wasatchian and Bridgerian locality located in the central United 
States (Burger 2009, Gunnell 1989, 1998, Kihm 1984, Stucky 1984c, Szalay 1969a). In 
fact, the distribution and abundance of Microsyops rivals that of Hyopsodus during the 
late Wasatchian and early to mid-Bridgerian. The stratigraphic distribution of Microsyops 
sp. indet. at Raven Ridge is consistent with the known biostratigraphic occurrence of the 
genus from other basins (Silcox and Gunnell 2008). 
 The biology of Microsyops is not well understood, but it is inferred to be an 
arboreal quadruped based on postcranial analyses of closely related taxa (Gunnell 1985). 
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  n Min. Max. Mean DEV2 VAR STDEV
P3 Length 18 2.42 2.74 2.52 0.07 0.02 0.14 
 Width 18 1.43 1.79 1.63 0.08 0.02 0.14 
P4 Length 167 2.51 3.54 3.09 2.27 0.05 0.22 
 Width 168 1.41 2.39 2.04 1.75 0.04 0.19 
M1 Length 148 2.72 3.81 3.18 2.26 0.05 0.22 
 Width 147 1.91 3.40 2.31 3.21 0.07 0.27 
M2 Length 121 3.01 4.73 3.41 3.74 0.09 0.31 
 Width 122 2.20 4.13 2.59 4.41 0.11 0.33 
M3 Length 137 2.33 4.79 3.41 3.74 0.09 0.31 
 Width 143 1.78 3.74 2.27 5.61 0.09 0.30 
Mx Length 9 3.37 3.84 3.67 0.14 0.07 0.26 
 Width 10 2.37 2.94 2.60 0.34 0.11 0.34 
P3 Length 6 2.16 3.39 2.78 0.76 0.76 0.87 
 Width 6 2.33 3.53 2.93 0.72 0.72 0.85 
P4 Length 91 2.51 3.46 2.93 2.04 0.08 0.29 
 Width 84 2.19 3.66 3.20 2.52 0.14 0.37 
M1 Length 117 2.54 3.47 3.09 1.69 0.04 0.20 
 Width 116 3.11 4.16 3.68 2.54 0.07 0.26 
M2 Length 105 2.65 3.63 3.21 1.60 0.04 0.19 
 Width 109 2.28 4.54 3.90 6.65 0.14 0.37 
M3 Length 129 2.14 3.55 3.06 4.46 0.09 0.29 
 Width 139 2.02 4.13 3.12 27.19 0.34 0.59 
Mx Length 14 2.43 4.17 3.22 2.02 0.25 0.50 
 Width 13 2.12 4.18 3.35 2.64 0.38 0.61 
Table 8: Measurements for Microsyops sp. indet. specimens from Raven Ridge. 
 
 
MEGADELPHUS Gunnell (1989) 
Type Species — Megadelphus lundeluisi White (1952) 
Holotype — USNM 18371, a right mandible with M1-3 
MEGADELPHUS LUNDELIUSI White (1952) 
Referred Specimens — UCM 64551, a left P4, UCM 64552, a left M1, UCM 64553, a 
partial right P4, UCM 64554, a left M3, UCM 64648, a partial left M1, UCM 64649, a 
partial left M2, UCM 64650, a partial right M2, and UCM 66919, a right P4 
Stratigraphic range at Raven Ridge — From 438m to 639m above the Goniobasis layer, 
Green River Formation (Br1a), Utah 
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Localities — UCM localities 92004, 92016, 92024, 92025, and 92029 
Description — The Raven Ridge Megadelphus lundeliusi specimens show typical 
Microsyops morphology in the presence of a mesostyle on the upper molars, the 
possession of a buccal cingulum on all cheek teeth, the extremely reduced paraconids on 
the lower molars and P4, and the low, rounded cusps. Megadelphus lundeliusi (originally 
named Microsyops lundeliusi) is differentiated from Microsyops by its large size (see 
Table 9). A complete description of M. lundeliusi is available in Szalay (1969a). 
Discussion — Megadelphus lundeliusi has previously been found in early Bridgerian 
(Br1) sediments of the Wind River Basin (Gunnell 1989, Stucky 1984c, White 1952) and 
Huerfano Basin (Gunnell 1989, Robinson 1966). The Raven Ridge specimens of M. 
lundeliusi are from early Bridgerian (Br1a) localities in the Hills area of the ridge, and 
thus are consistent with the known biostratigraphic occurrence of the taxon. The UCM 
specimens are the first from the Uinta Basin, and the state of Utah, and represent a 
significant westward expansion of M. lundeliusi’s geographic range. It is notable that M. 
lundeliusi has not been reported from the Powder Wash fauna (Gunnell and Bartels 1999, 
Krishtalka and Stucky 1984), despite the fauna being Brigerian (Br1b) in age. This is 
consistent with the suggestions that M. lundeliusi is restricted to the Br1a biochron 
(Gunnell 1989), and that the Powder Wash locality is likely Br1b in age (Gunnell and 
Bartels 1999).  
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  n Min. Max. Mean 
P4 Length 2 4.46 4.87 4.67 
 Width 2 3.14 4.04 3.59 
M2 Length 1 4.91   
 Width 1 3.29   
P4 Length     
 Width 1 5.32   
M1 Length 1 5.36   
 Width 1 5.77   
M2 Length     
 Width 1 5.49   
M3 Length 1 5.46   
 Width 1 5.97   
 
Table 9: Measurements for Megadelphus lundeliusi specimens from Raven Ridge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 87
Order PRIMATES Linneaus (1758) 
Suborder EUPRIMATES McKenna and Bell (1997) 
Comments — University of Colorado field expeditions have collected a diverse 
euprimate fauna from the Raven Ridge area, a small part of which was incorporated into 
the Masters thesis of Kentaro Doi (1990). Doi continued to collect more specimens 
throughout his aborted Ph.D., with the last collections being made during 1998. When 
Doi left the University of Colorado for parts unknown, Raven Ridge had produced 1,007 
catalogued omomyids specimens and 526 adapid specimens that were housed in the 
UCM collections. Of these 1,533 specimens, the UCM catalogue shows 87% (881 
specimens) of the omomyids and 42% (217 specimens) of the adapids had been identified 
to at least the generic level. At some point after 1998, 870 of the omomyid specimens 
(including 94% of the identified material) and 504 adapid specimens (including 97% of 
the indentified material) were removed from the UCM collections. The remaining 
specimens (137 omomyids and 22 adapids) are mostly in such poor condition that they 
are not referable below the family level and those that can be referred to a genus can be 
done so only tenuously.  
Obviously, this is a problem. The missing Raven Ridge omomyids and adapids 
are here treated in a similar manner to specimens from other institutions that have been 
misplaced or lost during times of upheaval or conflict. In the absence of the majority of 
the identifiable specimens, the Raven Ridge omomyid collection will not be able to 
contribute significantly to discussions of omomyid taxonomy or phylogenetic 
relationships. However, as specimen and locality data is still available in the UCM 
database, it is possible to use the Raven Ridge omomyids for discussion of 
 88
biostratigraphic and geographic distribution in addition to abundance and diversity 
calculations. This line of action was taken after consulting with several experts in the 
field of primate paleontology and museum management.  
Utilizing specimens whose identifications have not been published and which are 
not available for study requires the explicit assumption that the specimens were correctly 
identified prior to being entered in the UCM database. This assumption is based on Ken 
Doi’s work during his Masters degree, and the assurances of his then-advisor, Dr. Peter 
Robinson, and other experts in the field of primate paleontology, that Mr. Doi was quite 
skilled at identifying isolated teeth. However, I must stress that I cannot verify the 
identifications of the majority of the specimens listed below, and thus urge all 
conclusions regarding the primate fauna from Raven Ridge be treated as provisional until 
such time as corroborating evidence is supplied. 
 
Family OMOMYIDAE Trouessart (1879) 
Comments — Omomyid primates are among the most useful taxa for biostratigraphic 
correlation throughout the early and middle Eocene of North America. They are also 
remarkably well-known from postcranial material, which suggests they were generally 
small, with large orbits and elongate carpals and tarsals (Gunnell et al. 2008c). These 
features are suggestive of an active, nocturnal, arboreal lifestyle. 
  
Subfamily ANAPTOMORPHINAE Cope (1883) 
ANAPTOMORPHUS Cope (1872a) 
Type Species — Anaptomorphus aemulus Cope (1872a) 
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Holotype — AMNH 5010, left dentary containing P4-M2 
ANAPTOMORPHUS sp. indet. 
Referred Specimen — UCM 5572, a right P4 
Available Specimens — None 
Stratigraphic occurrence at Raven Ridge — 408m above the Goniobasis layer, Green 
River Formation (Gardnerbuttean (Br1a)), Utah 
Locality — UCM locality 87117 
Description — Szalay (1976) provides an adequate generic description. The removal of 
the Raven Ridge specimens from the UCM collections does not allow for their 
comparison with other published accounts of this taxon. 
Discussion — The vast majority of Anaptomorphus specimens have been found at early 
Bridgerian localities in the Green River Basin (Szalay 1976, Zonneveld et al. 2000b). The 
major exception to this rule is the presence of this taxon at Raven Ridge. The single 
specimen in the UCM collections was identified by Doi and is missing, but the presence 
of this taxon at Raven Ridge is supported by an earlier report of A. aemulus from the 
Powder Wash locality by Krishtalka and Stucky (1984). Both Doi’s locality (UCM 
locality 87117) and Powder Wash can be biostratigraphically dated as early Bridgerian, 
which is temporally consistent with the known occurrence of Anaptomorphus from 
Wyoming. 
 
TETONIUS Matthew (1915c) 
Type Species — Tetonius homunculus Cope (1882a) 
Holotype — AMNH 4194, skull containing left and right C1-M3 
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TETONIUS sp. indet. 
Referred Specimens — Two P4s, two M1s, two M2s, one M3, and one P4 
Available Specimens — None 
Stratigraphic range at Raven Ridge — From 202m to 121m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Utah 
Localities — UCM localities 85262, 85263, and 87129 
Description — All Raven Ridge Tetonius specimens are missing from the UCM 
collections but are described in detail by Doi (1990). Doi mentions that the Raven Ridge 
specimens are intermediate in size between T. homunculus and T. matthewi and thus does 
not provide a species designation. A full description of Tetonius and its included species 
is available in Bown and Rose (1987). 
Discussion — Tetonius is well-known from the basins of the Rocky Mountain region, 
having been previously reported from the early-mid Wasatchian of the Bighorn (Bown et 
al. 1993), Clark’s Fork (Bown and Rose 1987), Sand Wash (Archibald et al. 1987), 
Powder River (Delson 1971), and Piceance Creek (Burger 2009) Basins, in addition to 
being questionably identified in the Red Hot Fauna from Mississippi (Beard and Dawson 
2001). Tetonius has not been found in sediments younger than Wa5, and that remains the 
case at Raven Ridge, although UCM locality 85263 is located only a few meters below 
localities which are Wa6 in age indicating the UCM Tetonius specimens may be the 
youngest yet discovered. The UCM specimens are the first known from the Uinta Basin 
and the State of Utah. 
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ABSAROKIUS Matthew (1915c) 
Type Species — Absarokius abbotti Loomis (1906) 
Holotype — ACM 3479, right dentary with P3-M3 
ABSAROKIUS ABBOTTI Loomis (1906) 
Holotype — ACM 3479, right dentary with P3-M3 
Referred Specimens — Three P3s, 12 P4s, 12 M1s, 11 M2s, four M3s, one P3, three P4s, 
two M1s, three partial M2s, and two M3s 
Available Specimens — A partial M2 and casts of one P4, two M1s, and one M3 
Stratigraphic range at Raven Ridge — From 160m below to 493m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Lostcabinian (Wa7)), 
Colorado and Utah 
Localities — UCM localities 85265, 86141, 86142, 86143, 86144, 86145, 86146, 86150, 
86152, 86155, 87029, 87122, 87123, 87143, 87147, 87149, 89009, 90160, 90161, 90162, 
90169, and 90170 
Description —The lower molars of Absarokius abbotti are differentiated from those of A. 
metoecus by their larger size and the relatively close proximity of the paraconid and 
metaconid. A full comparative description of A. abbotti is provided by Bown and Rose 
(1987). 
Discussion — Absarokius abbotti is known from the mid-late Wasatchian sediments of 
the Clark’s Fork and Bighorn (Clyde 2001, Gingerich 2001, Schankler 1980), Green 
River (Gazin 1962), and Wind River (Guthrie 1967, 1971, Stucky 1984a) Basins. The 
taxon has not been found in Bridgerian-aged sediments, a biostratigraphic range that is 
consistent with A. abbotti’s stratigraphic range at Raven Ridge (Wa5-7). The UCM A. 
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abbotti specimens are the first record of this species from the Uinta Basin and the State of 
Utah, but more complete specimens from Raven Ridge would be beneficial to solidifying 
this record. 
ABSAROKIUS METOECUS Bown and Rose (1987) 
Holotype — USGS 492, a right dentary with P3-M3 
Referred Specimens — Four P4, six M1s, two M2s, one M3, one P3, one P4, five M1s, three 
M2s, and two M3s 
Available Specimens — UCM 56461, a left, partial M2 
Stratigraphic range at Raven Ridge — From 141m to 36m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5) to Lostcabinian (Wa7)), Colorado and Utah 
Localities — UCM localities 85263, 86144, 86145, 86155, 86159, 87031, 87143, 87144, 
87146, and 87147 
Description — As noted above for Absarokius abbotti, the lower molars of A. metoecus 
can be differentitated from A. abbotti by their smaller size and more widely spaced 
paraconids and metaconids. The upper molars of A. metoecus are wider with somewhat 
more crenulated enamel relative to A. abbotti. Bown and Rose (1987) provide a complete 
description of A. metoecus. 
Discussion — Absarokius metoecus (including junior synonyms A. noctivagus and A. 
noctivagus nocerai (Bown and Rose 1987)) has previously been found in Wa5-6 
sediments of the Bighorn Basin (Schankler 1980), the Lysite Member (Wa6) in the Wind 
River Basin (Stucky 1984a), Br1 sediments at South Pass in the Green River Basin 
(Gunnell and Bartels 2001b), and from the upper faunal zone (earliest Bridgerian) of the 
Huerfano Basin in southern Colorado (Robinson 1966). Burger (2009) also reports 
 93
specimens of Absarokius sp., that clearly represent several different species, from the late 
Wasatchian of the Piceance Creek Basin. The stratigraphic distribution of the UCM 
specimens at Raven Ridge indicates biostratigraphic ages of Wa5-7, which is consistent 
with published reports of the taxon.  
 The UCM Absarokius metoecus specimens from Raven Ridge are the first record 
of this species from the Uinta Basin and the State of Utah, but this record should be 
treated as provisional until the lost specimens are returned, or new specimens are found. 
cf. ABSAROKIUS sp. indet. 
Referred Specimens — 16 P3s, 13 P4s, nine M1s, 23 M2s, seven M3s, three P3s, four P4s, 
nine M1s, nine M2s, seven M3s, one partial Mx, and a dentary fragment with M1-2 
Available Specimens — One M2, one partial M2, two M3s, and one partial Mx 
Stratigraphic range at Raven Ridge — From 141m below to 798m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 85263, 85264, 86136, 86141, 86146, 86150, 86152, 86155, 
87026, 87029, 87034, 87036, 87122, 87123, 87141, 87143, 87144, 87146, 87147, 89004, 
89008, 90160, 90170, 91244, 92005, 92015, 92016, 92024, 92029, 92030, 92138, and 
98086 
Description — The specimens grouped here have been identified as Absarokius sp. indet. 
by Ken Doi, but are all extremely worn and do not appear to have any features diagnostic 
of Absarokius. It is possible that these specimens were left in the UCM collections while 
all the other omomyids and adapid material were removed because they are poorly 
preserved. In any case, I choose to tentatively follow the taxonomic assignments of Doi, 
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with the caveat that these specimens could easily be grouped into ‘Omomyidae gen. and 
sp. indet..’ 
Discussion — The biostratigraphic range of these specimens is similar to those of 
Absarokius abbotti and A. metoecus at Raven Ridge with the exception that several 
specimens are found higher up in section at localities that are earliest Bridgerian in age. 
Earliest Bridgerian Absarokius are also recorded from the Huerfano Basin in southern 
Colorado (Robinson 1966) and the South Pass fauna in the Green River Basin (Gunnell 
and Bartels 2001b), so these occurrences at Raven Ridge are not without precedent. 
Instead, they suggest a relatively stable geographic range for the genus Absarokius, 
encompassing Wyoming, Colorado, and eastern Utah, for the Wa5 through Br1 
biochrons. 
 
TEILHARDINA Simpson (1940) 
Type Species — Teilhardina belgica Simpson (1940) 
Holotype — IRSNB 64, a left dentary containing P3-M3 
TEILHARDINA sp. indet 
Referred Specimen — UCM 52943, a left M1, UCM 55760, a left P4 
Available Specimens — Cast of UCM 55760 
Stratigraphic range at Raven Ridge — From 199m to 121m below the Goniobasis layer, 
Colton Formation (Graybullian Wa3-5)), Utah 
Localities — UCM localities 85263 and 87129 
Description — The available specimen is consistent with Bown and Rose’s (1987) 
description of Teilhardina. The P4 has a small, but distinct, paraconid and metaconid and 
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an extremely short talonid without a basin. The tooth is not laterally inflated or enlarged 
as would be seen in more advanced anaptomorphines. A complete description of 
Teilhardina is available from Bown and Rose (1987). 
Discussion — Teilhardina has a biostratigraphic range in North America that spans the 
early and middle Wasatchian (Wa0-Wa5), and has been previously recorded from 
sediments in the Clark’s Fork and Bighorn Basins (Bown and Rose 1987, Bown et al. 
1993, Gingerich 2001, Schankler 1980), the Williston Basin of North Dakota (as 
Tetonoides cf. pearcei) (West 1973c), the Piceance Creek Basin (Burger 2009), and the 
Red Hot Fauna of Mississippi (Beard 2008). The occurrence of Teilhardina at Wa5-aged 
localities at Raven Ridge is consistent with the latest appearance of the genus in North 
America, and represents a western expansion of the known geographic range of the 
taxon. The Raven Ridge specimens are the first record of this taxon from the Uinta Basin 
and the State of Utah. 
 Teilhardina is widely regarded as the most primitive anaptomorphine, and the 
first omomyid to appear in the North American fossil record (Beard 2008, Gunnell et al. 
2008c). The genus is also known from Europe and Asia, and is thought to have 
immigrated to North America during the height of the PETM (Beard 2008, Gingerich 
1993, Ni et al. 2004). 
 
ANEMORHYSIS Gazin (1958) 
Type Species — Anemorhysis sublettensis Gazin (1952) 
Holotype — USNM 19205, a left dentary containing P4-M2 
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ANEMORHYSIS sp. indet. 
Referred Specimens — Six P4s, nine M1s, 12 M2s, four M3s, one P3, three P4s, five Pxs, 
five M1s, 11 M2s, three Mxs, one fragmentary dentary with P3-4, one fragmentary dentary 
with P3-M1, two fragmentary dentaries with P4-M1, three fragmentary dentaries with M1-2, 
four fragmentary dentaries with M2-3, and one endentulous dentary with alveoli for I1-M1 
Available Specimens — None 
Stratigraphic range at Raven Ridge — From 141m below to 349m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Lostcabinian (Wa7)), 
Colorado and Utah 
Localities — UCM localities 85263, 85265, 86144, 86152, 86155, 87027, 87034, 87141, 
87143, 87144, 87147, 90169, 90171, 90173, and 92030 
Description — With no specimens with which to work, it is impossible to confirm these 
identifications. Anemorhysis is differentiated from anaptomorphines with otherwise 
similar tooth morphologies by the molariform P4 which has a prominent paraconid and 
metaconid, a well-developed hypoconid, and a small talonid basin (Bown and Rose 
1987). Lower molars have less basal inflation than those of Teilhardina and Tetonius. 
These characters are well-defined in the literature (Bown and Rose 1987, Gunnell et al. 
2008c), but I have been unable to locate any literature regarding how to differentiate 
Anemorhysis upper cheek teeth from those of other anaptomorphines, so Ken Doi’s 
identifications of those teeth are viewed here with some skepticism. 
Discussion — Anemorhysis has a biostratigraphic range that spans the bulk of the 
Wasatchian biochrons and possibly into the earliest Bridgerian (Wa1-Wa7, possibly 
Br0/1) (Gunnell et al. 2008c). The geographic range of the taxon is relatively large, 
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having been found in the Clark’s Fork and Bighorn Basins (Bown and Rose 1984, Clyde 
2001, Schankler 1980), the Williston Basin (West 1973c), and the Wind River Basin 
(Stucky 1984a). While the biostratigraphic age of the Anemorhysis specimens from 
Raven Ridge (Wa5-Wa7) meshes well with specimens Wyoming and North Dakota, the 
geographic range expansion is somewhat intriguing. Anemorhysis has not been found in 
Wasatchian sediments of the neighboring Green River Basin to the North (Gunnell and 
Bartels 2001b), nor in the Piceance Creek Basin directly to the East of Raven Ridge 
(Burger 2009, Kihm 1984), despite lengthy and extensive collecting efforts in both basins 
which suggest this disparity is not the result of a collecting bias. This geographic 
distribution appears to set the Raven Ridge Anemorhysis specimens on a biogeographic 
island of sorts, the ecological boundaries of which are not immediately evident. 
 
ARAPAHOVIUS Savage and Waters (1978) 
Type Species — Arapahovius gazini Savage and Water (1978) 
Holotype — UCMP 100 000, a right maxilla with P3-M3 
cf. ARAPAHOVIUS sp. indet. 
Referred Specimens — UCM 55381, a right M1, UCM 55797, a left M2, and UCM 
64843, a right M2 
Available Specimen — A cast of UCM 55797 
Stratigraphic range at Raven Ridge — From 141m to 130m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Colorado and Utah 
Localities — UCM localities 86160, 87141, and 92031 
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Description — Savage and Waters (1978) note that the primary method of differentiating 
Aarapahovius from other anaptomorphine omomyids is by the intricate and extensive 
corrugation of the enamel on the occlusal surfaces of their dentition (Rose 1995, Savage 
and Waters 1978). Given that all three original specimens from Raven Ridge are missing, 
and details of the enamel are not reproduced in casts, it is impossible to verify Ken Doi’s 
(1990)identification of the specimen. For a complete description of Arapahovius, see 
Savage and Waters (1978). 
Discussion — Arapahovius has previously been described from only two areas: the early 
to mid-Wasatchian sediments from the Bighorn Basin (Silcox and Rose 2001), and mid-
Wasatchian (Wa5-6) sediments from the Washakie Basin (Savage and Waters 1978). The 
occurrence of this taxon from Graybullian-aged (Wa3-5) localities at Raven Ridge is 
biostratigraphically consistent with previously published specimens, but would represent 
a significant geographic range expansion to the westernmost edge of Colorado (the 
specimens are from localities near Mormon Gap, and thus are still within the State of 
Colorado). As none of the specimens are available for study in the UCM collections, they 
are tentatively noted as the first occurrence of Arapahovius in the Uinta Basin and the 
State of Colorado, pending verification by the collection of more specimens. 
 
AYCROSSIA Bown (1979b) 
Type Species — Aycrossia lovei Bown (1979b) 
Holotype — USNM 250561, a left maxilla with C1-M3 
AYCROSSIA LOVEI Bown (1979b) 
Referred Specimens — UCM 61699, a right M2, and UCM 61700, a left M3 
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Available Specimens — None 
Stratigraphic occurrence at Raven Ridge — 777m above the Goniobasis layer, Green 
River Formation (Blacksforkian (Br1b-Br2)), Utah 
Locality — UCM locality 91244 
Description — An excellent description of Aycrossia is provided by Bown (1979b), to 
which nothing can be added here due to the absence of both specimens from the UCM 
collections. 
Discussion — Aycrossia is currently a monospecific taxon, with A. lovei recorded from 
the earliest Bridgerian of the Wind River Basin (Stucky 1984c) and Br2 sediments of the 
Aycross Formation in the Bighorn Basin (Bown 1982). The two specimens found at 
Raven Ridge are from an early Bridgerian locality (locality 91244) near the top of the 
section, thus the occurrence of these fossils at Raven Ridge is temporally consistent with 
other known occurrences of Aycrossia. The occurrence of Aycrossia at Raven Ridge 
extends the geographic distribution of Aycrossia south and east from the Wind River 
Basin, and represents the first time the taxon has been found outside of Wyoming.  
As both Raven Ridge Aycrossia specimens are missing from the UCM 
collections, there is nothing that can be added to the morphological knowledge of the 
taxon. 
 
Subfamily OMOMYINAE Trouessart (1879) 
OMOMYS Leidy (1869b)  
Type Species — Omomys carteri Leidy (1869b) 
Holotype — ANSP 10335, a right dentary with P3-4 and M2 
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OMOMYS CARTERI Leidy (1869b) 
Holotype — ANSP 10335, a right dentary with P3-4 and M2 
Referred Specimens — UCM 60210, a partial right M2; UCM 63758, a left M2; UCM 
70189, a right M3; UCM 70191, a right M3; UCM 96242, a left m3 
Available Specimens — All five specimens are still in the UCM collections 
Stratigraphic range at Raven Ridge — From 225m to 535m above the Goniobasis layer, 
Green River Formation (Lostcabinian (Wa7) to Blacksforkian (Br1b-Br2)), Utah 
Localities — UCM localities 83219, 90163, 92006, and 92030 
Description — A complete description of Omomys carteri is provided by Gazin (1958), 
who also provides a comparative description for O. lloydi, a smaller taxon whose type 
locality is Powder Wash at Raven Ridge. The available specimens from Raven Ridge are 
referable to O. carteri based on their being almost identical in size to previously 
published specimens of that taxon (Gazin 1958). 
Discussion — Omomys carteri is one of two recognized species within the genus (O. 
lloydi being the other), is ubiquitous throughout Bridgerian faunas from the Rocky 
Mountain Region (Gunnell et al. 2008c), and its earliest appearance is used to define the 
start of the Bridgerian land mammal ‘age’, and the start of the Br1a biochron (Gunnell et 
al. 2009, Muldoon and Gunnell 2002, Robinson et al. 2004).  
 
OMOMYS sp. indet. 
Referred Specimens — 209 specimens comprised of 11 P3s, 28 P4s, 36 M1s, 34 M2s, 23 
M3s, four P3s, ten P4s, 22 M1s, 30 M2s, and 16 M3s 
Available Specimens — None 
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Stratigraphic Range of Missing Specimens — From 172m to 812m above the Goniobasis 
layer, Green River Formation (Lostcabinian (Wa7) to Blacksforkian (Br1b-Br2)), Utah 
Localities — UCM localities 83219, 89004, 89008, 90156, 90162, 90163, 90164, 91244, 
92001, 92004, 92005, 92006, 92012, 92013, 92015, 92016, 92017, 92019, 92021, 92024, 
92027, 92029, 92030, and 92138 
Description — Omomys is quite similar to Steinius in having relatively tall, marginally 
located cusps, and teeth that show little in the way of basal inflation. Omomys differs 
from Steinius in the loss of P1 and the presence of continuous lingual cingula on the upper 
molars. A complete diagnosis of the genus is provided by Szalay (1976). 
Discussion — Omomys has a biostratigraphic range that spans the Bridgerian, Uintan and 
Duschesnean (Gunnell et al. 2008c), and its first appearance has been used as a marker 
for the onset of the Bridgerian NALMA (Robinson et al. 2004). The lowest Omomys sp. 
in the Raven Ridge section are found at UCM locality 92030, 172m above the 
Goniobasis layer in the Cliffs area of the ridge. Also found from this locality are the 
adapids Cantius and Notharctus, and the paromomyid Phenacolemur. Together, these 
taxa indicate an age of earliest Bridgerian, which is consistent with the known 
biostratigraphic range of Omomys. 
The two currently recognized Omomys species (O. carteri and O. lloydi) are 
differentiated strictly on their size, with O. carteri being the larger of the two. Omomys 
lloydi was first described by Gazin (1958) based on specimens collected from Powder 
Wash by Carnegie Museum field crews and has been found at only one other locality in 
North America:  South Pass, Wyoming (Muldoon and Gunnell 2002). Given its presence 
at Powder Wash (Gazin 1958), the lack of O. lloydi specimens from other Bridgerian 
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localities at Raven Ridge may appear somewhat anomalous. However, it is likely that 
some of the missing Raven Ridge specimens, here grouped into Omomy sp. indet., are 
assignable to this taxon. In their absence, however, the stratigraphic and geographic range 
of O. lloydi at Raven Ridge is restricted to the Br1B locality of Powder Wash based on 
Carnegie Museum specimens. 
 
WASHAKIUS Leidy (1873) 
Type Species — Washakius insignis Leidy (1873) 
Holotype — ANSP 10332, a right dentary with M2-3 
WASHAKIUS sp. indet. 
Referred Specimens — One P3, one P4, nine M1s, six M2s, four M3s, two P3s, three P4s, 
13 M1s, four M2s, nine M3s, and three fragmentary dentaries (one containing a left M1-2, 
one containing a right M1-2, and one containing right P2-M1) 
Available Specimen — UCM 70188, a badly eroded right M3 from locality UCM 92006 
Stratigraphic range at Raven Ridge — From 444m to 812m above the Goniobasis layer, 
Green River Formation (Gardnerbuttean (Br1a) to Blacksforkian (Br1b-Br2)), Utah 
Localities — UCM localities 90163, 91244, 92005, 92006, and 92027 
Description — UCM 70188 can be tentatively assigned to Washakius based on the 
inflated hypocone region with a relatively well-developed hypocone, and what appear to 
be the remains of relatively large conules (this area is badly eroded). For a more complete 
description of Washakius, see Gazin (1958) and Szalay (1976). 
It has been noted on several occasions that Washakius and the closely related 
Shoshonius are morphologically extremely similar (Honey 1990, Szalay 1976). These 
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two taxa are differentiated by the presence of a robust parastyle on P3-4 in Washakius 
(Szalay 1976), a feature which is obviously not useful when distinguishing isolated 
molars, something, judging by the referred specimens, Ken Doi apparently found a way 
to do. In the absence of the referred specimens, I cannot here outline the characters used 
by Doi to assign isolated teeth from all regions of the palate to the genus Washakius. 
Instead, I urge that these taxonomic assignments be treated with a certain degree of 
skepticism, and suggest that some of the specimens assigned here may actually be more 
appropriately referred to ‘Omomyinae indet.’.  
Discussion — Washakius has a biostratigraphic range from the earliest Bridgerian into 
the Uintan, though the vast majority of the specimens are found in early to mid-
Bridgerian sediments (Gunnell et al. 2008c). The geographic range of the taxon includes 
the Green River and Bridger Basins (Stucky 1984c, Zonneveld et al. 2000b), the  Bighorn 
Basin (Gunnell and Bartels 2001a), and the Citadel Plateau in the Piceance Creek Basin 
(Honey 1990). The stratigraphic distribution of the Raven Ridge Washakius specimens 
indicates they are from early Bridgerian localities (Br1-Br2) which is consistent with the 
known biostratigraphic range of the taxon. The UCM Raven Ridge Washakius specimens 
are the first record of the taxon from the Uinta Basin and the State of Utah, and as such 
represent a southward and westward expansion of the geographic range of the Washakius 
from the Bridger and Green River Basins on the northern side of the Uinta Mountains and 
the Citadel Plateau on the eastern side of the Douglas Creek Arch. 
 
SHOSHONIUS Granger (1910) 
Type Species — Shoshonius cooperi Granger (1910) 
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Holotype — AMNH 14664, a right maxilla with P3-M3 
SHOSHONIUS sp. indet. 
Referred Specimens — Four P3s, 16 P4s, 16 M1s, 18 M2s, 16 M3s, four P3s, 12 P4s, 20 
M1s, 30 M2s, 10 M3s, one fragmentary dentary holding P3-4, one dentary fragment 
containing P3-M1, three fragmentary dentaries containing P4-M1, four fragmentary 
dentaries containing M1-2, one maxillary fragment containing P3-M1, one fragmentary 
dentary containing M2-3, and one fragmentary maxillary containing M2-3 
Available Specimens — One M1, one M3, three dentary fragments each containing a P3, a 
dentary fragment containing P3-M1, and a dentary fragment containing M2-3 
Stratigraphic range at Raven Ridge — From 141m to 589m above the Goniobasis layer, 
Green River Formation (Lostcabinian (Wa7) to Gardnerbuttean (Br1a)), Utah 
Localities — UCM localities 90162, 90163, 90171, 90172, 90173, 91242, 91243, 92013, 
92024, 92029, and 92030 
Description — All of the available specimens consisting of a lower molar can be assigned 
to Shoshonius based on the presence of a metastylid and the absence of a talonid notch. I 
am unsure what characteristics Ken Doi used to differentiate Shoshonius P3s from those 
of Washakius, as these teeth are nearly identical across the taxa. The upper teeth of the 
two taxa are easily distinguishable based on Shoshonius having a protocone fold and 
mesostyle, and lacking a cuspate hypocone on the upper molars, and its P3s and P4s 
having a metacone. For a complete description of Shoshonius, see Szalay (1976). 
Discussion — Shoshonius has previously been recorded from Wa7 sediments of the Wind 
River Basin (Beard et al. 1991, Guthrie 1971, Stucky 1984c), Br1 sediments of the 
Huerfano Basin (Robinson 1966, Stucky 1984c), and Br2 sediments of the Aycross 
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Formation of the Bighorn Basin (Bown 1982, Gunnell and Bartels 2001a). The UCM 
Raven Ridge Shoshonius specimens were collected from localities that range in age from 
Wa7 to Br1, so they are consistent with the known biostratigraphic range of the taxon. 
The Raven Ridge specimens are the first record of Shoshonius from the Uinta Basin and 
the State of Utah, and thus represent an increase in the known geographic range of the 
taxon. 
 While Shoshonius is not an extremely common fossil throughout the Rocky 
Mountain Region, several skulls and postcranial elements have been collected and 
studied (Beard et al. 1991, Dagosto et al. 1999). These investigations suggest Shoshonius 
was an active leaper and climber as well as probably being nocturnal (Dagosto et al. 
1999). 
 
UINTANIUS Matthew (1915c) 
Type Species — Uintanius ameghini Wortman (1903-04) 
Holotype — YPM 13241, a left dentary containing M2-3 
UINTANIUS sp. indet. 
Referred Specimens — Four P3s, ten P4s, four M1s, seven M2s, three M3s, two P3s, six 
P4s, five M1s, one M2, four M3s, one Mx, a dentary fragment containing P3-4, and a 
maxillary fragment containing M1-2 
Available Specimens — One P3, and a cast of one P4 
Stratigraphic range at Raven Ridge — From 27.5m below to 812m above the Goniobasis 
layer, Green River Formation (Lostcabinian (Wa7) to Blacksforkian (Br1b-Br2)), Utah 
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Localities — UCM localities 83219, 86137, 89004, 89008, 90156, 90162, 90163, 90164, 
91244, 92005, 92006, 92011, 92027, and 92029 
Description — The two available specimens can be assigned to Uintanius due to their 
being enlarged relative to lower premolars in other omomyines. The P4 shows a simple 
talonid without a well-developed basin, and a small paraconid that appears to be partially 
worn (although it is not possible to tell for certain as the specimen is a cast). The 
placement of the paraconid on the P4 is one character that can be used to differentiate the 
two Uintanius taxa (U. ameghini and U. rutherfurdi) from each other, but the available 
specimen does not preserve the necessary detail for such a distinction. Complete 
diagnoses of Uintanius are available from several publications (Beard et al. 1992, 
Gunnell 1995, Szalay 1976). 
Discussion — Uintanius has a biostratigraphic distribution from the earliest Bridgerian 
into Br3 (Gunnell et al. 2008c), and is known from the Bridger/Green River, Huerfano, 
and Wind River Basins (Gunnell and Bartels 2001b, Robinson 1966, Stucky 1984c, 
Zonneveld et al. 2000b), in addition to being known from previous studies of the Powder 
Wash fauna (Krishtalka and Stucky 1984). These occurrences include those that were 
originally reported as Huerfanius, which was synonymized with Uintanius by Szalay 
(1976). The UCM specimens of Uintanius from Raven Ridge have a biostratigraphic 
range of Wa7-Br1, which is the first time this taxon has been reported from below the 
Wa-Br boundary. However, the Wa7 specimen (there is only one), is an isolated P3, 
which is not as diagnostic for the taxon as one would hope. It is possible that this 
specimen has been misidentified, so the Wa7 occurrence of Uintanius should be treated 
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as provisional until corroborating specimens can be located. All other Raven Ridge 
Uintanius specimens are from localities that are unquestionably Bridgerian in age. 
 
LOVEINA Simpson (1940) 
Type Species — Loveina zephyri Simpson (1940) 
Holotype — AMNH 32517, a left dentary with P3-M1 
LOVEINA sp. indet. 
Referred Specimens — One P3, two P4s, one M1, five M2s, two M3s, one P3, two P4s, two 
M1s, one M2, one M3, and one Mx 
Available Specimens— A cast of UCM 55630, an M2 from locality 86150 
Stratigraphic range at Raven Ridge — From 39m below to 432m above the Goniobasis 
layer, Colton and Green River Formations (Lostcabinian (Wa7)), Utah 
Localities — UCM localities 86150, 87122, 89005, and 90160 
Description — UCM 55630 can be assigned to Loveina based upon its lack of a 
metastylid, a feature which is found in all other washakiins, including Washakius and 
Shoshonius from Raven Ridge. There are numerous details of the upper dentition that 
serve to differentiate Loveina from similar omomyines, but as there are no samples of  
Loveina upper dentition remaining in the UCM collections, these are not discussed here. 
For further detail on the dental morphology of Loveina, Simpson’s (1940) original 
description is more than adequate. 
Discussion — Loveina has a biostratigraphic range restricted to Wa6 and Wa7 sediments, 
and a geographic range consisting of the Huerfano (Robinson 1966), Wind River 
(Guthrie 1967, 1971, Stucky 1984a), Washakie (Stucky 1984c), Green River (Stucky 
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1984c), and Bighorn (Gunnell et al. 1992) Basins. These ranges take into account 
specimens that were originally described as Omomys shea, synonymized with Loveina 
zephyri (Honey 1990, Stucky 1984c), and Omomys minutus, which was synonymized 
with Loveina minuta (Bown and Rose 1984).The localities that have produced Loveina 
specimens at Raven Ridge are all Wa7 in age, and thus are temporally consistent with 
previous records of the taxon while representing a modest extension of the geographic 
range.  
It should be noted that while Loveina has been found all over Wyoming, in 
southern Colorado, and now at Raven Ridge on the Colorado-Utah border, no specimens 
have been recorded from the Piceance Creek Basin in north-central Colorado despite 
extensive sampling (Burger 2009, Kihm 1984). This may be an indication that the 
habitats were sufficiently different between the Uinta and Piceance Creek Basin during 
the Wa6 and Wa7 biochrons that a Loveina population was not supported in the latter 
basin. With Loveina, as with the previously discussed Anemorhysis, the ecological 
boundaries that apparently kept these taxa from inhabiting the Piceance Creek Basin 
during the late Wasatchian remain a matter of conjecture, although they may be related to 
Burger’s (2009) hypothesis that the Piceance Creek Basin had a more open habitat during 
that time. 
 
UTAHIA Gazin (1958) 
Type Species — Utahia kayi Gazin (1958) 
Holotype — CM 6488, a right dentary with P3-M3 
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UTAHIA sp. indet. 
Missing Specimens — 29 specimens comprised of five P4s, three M1s, seven M2s, nine 
M3s, one P3, one P4, one M1, one M2, and one M3 
Available Specimens — None 
Stratigraphic Range of Missing Specimens — From 410m to 767m above the Goniobasis 
layer, Green River Formation (Gardnerbuttean (Br1a) to Blacksforkian (Br1b-Br2)), Utah 
Localities — UCM localities 83219, 89008, 90156, 90164, 92004, 92029, and 92138 
Description — In the absence of specimens to describe, the original description by Gazin 
(1958) is sufficient for the purposes of this study although Muldoon and Gunnell (2002) 
provide a comparison between the two species within the genus: Utahia kayi and U. 
carina. 
Discussion — The genus Utahia consists of two species, with each one being found at 
only a single locality: U. kayi at Powder Wash (Gazin 1958, Gunnell and Bartels 1999), 
and U. carina at South Pass in the Green River Basin, Wyoming (Muldoon and Gunnell 
2002). The two taxa are differentiated by size (with U. kayi being larger) and some 
features of the lower dentition (see Muldoon and Gunnell 2002 for details). Both taxa are 
restricted to the Bridgerian (Br1a at South Pass, Br1b at Raven Ridge) although with such 
a small sample size this biostratigraphic distribution must be treated as a preliminary 
hypothesis. 
 The South Pass and Powder Wash Utahia specimens are temporally distinct and 
thus it is possible that they represent end members of the same evolutionary lineage that 
increased in size through time. The stratigraphic distribution of the missing specimens 
collected by Doi from Raven Ridge is such that they might be used to test this hypothesis 
 110
should they be recovered (or additional specimens collected). Until that point, however, 
the ten U. kayi specimens from Powder Wash housed at the Carnegie Museum (six of 
which were cast by Ken Doi, with the casts then accessioned into the UCM collections) 
and the single U. carina from South Pass housed at the University of Michgan remain the 
only specimens of this genus available for study. 
 
STEINIUS Bown and Rose (1984) 
Type Species — Steinius vespertinus Bown and Rose (1984) 
Holotype — AMNH 16835, a left dentary with M1-3 
STEINIUS sp. indet. 
Referred Specimens — Four P3s, 11 P4s, 10 M1s, nine M2s, five M3s, one Mx, six P4s, six 
M1s, five M2s, and two M3s 
Available Specimens — One M1 and casts of two P4s, two M1s, one M3, one M2, and one 
M3 
Stratigraphic range at Raven Ridge — From 169m below to 575m above the Goniobasis 
layer. However, the three specimens found above the Goniobasis layer are two P3s and an 
Mx, and are not available in collections. It seems more likely that the stratigraphic 
distribution is from 169m to 107m below the Goniobasis layer, Colton Formation 
(Graybullian (Wa3-5) to Lysitean (Wa6)), Colorado and Utah 
Localities — UCM localities 85263, 86145, 86160, 86161, 86162, 86163, 87036, 87123, 
87130, 87131, 87133, 87141, 87146, 89007, 90156, and 90162 
Description — Steinius is diagnosed as having lower molars with acute cusps set along 
the margins of the tooth (i.e., no basal inflation of the tooth). The M1 paraconid has a 
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more labial location than is seen in Omomys, and the M2-3 paraconids are more lingually 
placed than in Omomys (Bown and Rose 1984, 1991). Steinius is recognized as the most 
basal omomyine due in large part to its possession of a P1, unlike all other members of 
the subfamily. For a complete description of Steinius, see Bown and Rose (1991). 
Discussion — Steinius is the oldest North American omomyine, with a biostratigraphic 
range spanning Wa4-Wa6. There are three Steinius specimens in the UCM database (all 
of which are missing from the collections) from Wa7 or Br1 localities at Raven Ridge. 
These specimens consist of two P3s and an Mx, and would represent a significant 
extension of the biostratigraphic range of the genus if their identity could be confirmed. 
However, as the teeth are not available, any such range extension should be treated as 
extremely tentative until further specimens can be obtained to clarify the situation. 
Excluding those three aberrant occurrences, the biostratigraphic distribution of the 
remaining Steinius specimens at Raven Ridge is Wa5-Wa6, which is consistent with the 
temporal range of the taxon observed in other basins. 
The geographic range of Steinius is relatively restricted, with specimens known 
from the Willwood Formation of the Bighorn Basin (Bown and Rose 1991, Silcox and 
Rose 2001), the Indian Meadows Formation in the Wind River Basin (Bown and Rose 
1991), and a single M1 from the Piceance Creek Basin (Burger 2009). The Raven Ridge 
specimens are the first of this taxon from the Uinta Basin and the State of Utah, 
representing an expansion of the geographic range to the West. 
 There are two recognized species of Steinius, S. vespertinus and S. annectens, 
with the former being 20-30% smaller than the latter (Bown and Rose 1991). 
Measurements of the Raven Ridge Steinius M1s remaining in the UCM collections 
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suggest that both S. vespertinus (two specimens) and S. annectens (one specimen) were 
present at Raven Ridge with the smaller of the two species appearing first. However, 
given that there are 49 missing specimens, it would be presumptuous to suggest any 
evolutionary or dispersal hypotheses without collecting more specimens. 
 
Family NOTHARCTIDAE Trouessart (1879) 
Comments — North American notharctid primates are well known from both skull and 
postcranial remains, which suggest relatively large (~1-7kg), diurnal, arboreal 
quadrupeds with good leaping abilities (Clyde and Gingerich 1994, Fleagle 1999, 
Gingerich 1984, Rose and Walker 1985). The earlier, Wasatchian forms (Cantius, 
Pelycodus, and Copelemur) have dental morphologies, such as shorter cusps and broader 
talonids, that suggest they were probably mostly frugivorous, while later, Bridgerian taxa 
(Notharctus and Smilodectes) are larger and have higher cusps suggestive of folivorous 
diets (Fleagle 1999, Gunnell et al. 2008c). It has been suggested by several authors that 
the appearance, diversification, and disappearance of notharctids in North America was 
directly related to warming climate and subsequent increased tropical forest habitat 
throughout the PETM and EECO, followed by climatic cooling and reduction of the same 
habitat throughout the mid-late Eocene (Fleagle 1999, Gunnell et al. 2008c). 
 Notharctids are relatively common throughout the early and middle Eocene of the 
Rocky Mountain region, although the geographic ranges of the individual taxa vary 
greatly. For instance, Copelemur is restricted to New Mexico, Colorado, easternmost 
Utah, and southern Wyoming whereas Cantius is fairly ubiquitous. Burger (2009) noted 
that in the Piceance Creek Basin, notharctid specimens outnumbered omomyids by as 
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much as 5:1. At Raven Ridge, this ratio is noticeably different as omomyids are more 
numerous by almost a 2:1 ratio. This reversal in relative abundance is likely due to a size 
bias caused by different collecting techniques (Raven Ridge was collected primarily 
using ant hills, whereas the Piceance Creek Basin was mostly surface collected).  
 
NOTHARCTUS Leidy (1870a) 
Type Species — Notharctus tenebrosus Leidy (1870a) 
Holotype — USNM 3752, a right dentary with C1 and P2-M3 
NOTHARCTUS sp. indet. 
Referred Specimens — Four P2s, one P4, two M1s, one M2, one M3, one P4, one M1, six 
M2s, and five M3s 
Available Specimens — Four P2s, two M1s, one M2, one M3, two M2s, and one M3 
Stratigraphic range at Raven Ridge — From 172m to 812m above the Goniobasis layer, 
Green River Formation (Lostcabinian (Wa7) to Blacksforkian (Br1b-Br2)), Utah 
Localities — UCM localities 83219, 90162, 90164, 91244, 92006, 92015, 92017, 92027, 
92029, 92030, and 92138 
Description — A suitable description, with key morphological features and 
differentiations from other notharctids, is provided by Gunnell (2008c). The Notharctus 
specimens available in the UCM collections consist of four specimens cast from the 
Carnegie Museum of Natural History collections (which have already been included in a 
study by Gunnell and Bartels (1999)), a number of questionably identifiable second 
premolars, a badly worn M2 and M2, and one relatively well-preserved M2. 
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Discussion — Notharctus is a typical component of latest Wasatchian and Bridgerian 
faunas throughout the Rocky Mountain region (Gunnell et al. 2008c) and its first 
occurrence is used to define the onset of the Wa7 biochron (Robinson et al. 2004). 
However, the first occurrence of Notharctus at Raven Ridge is several hundred meters 
above the first occurrence of Lambdotherium, another Wa7 index tax, implying that the 
former taxon’s first appearance at Raven Ridge is actually well after the start of the Wa7 
biochron. In addition to specimens collected by the UCM, Gunnell and Bartels (1999) 
record Notharctus cf. N. tenebrosus from the Powder Wash locality, a taxon which is 
known from Wa7 through Br2 localities in other basins (Gunnell et al. 2008 and 
references therein). 
 
PELYCODUS Cope (1875c) 
Type Species — Pelycodus jarrovii Cope (1874b) 
Holotype — Specimen lost (was unnumbered dentary with broken M2 and complete 
M3). AMNH 16298 was designated as a topotype by Gingerich and Simons (1977), with 
Gingerich and Haskin (1981) later designating this specimen a neotype (Gunnell et al. 
2008c) 
PELYCODUS JARROVII Cope (1874b) 
Referred Specimens — One M1, one P4, two M1s, one M2, and two M3s 
Available Specimens — None 
Stratigraphic range at Raven Ridge — From 132m to 110m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Utah 
Localities — UCM localities 85263, 86146, 86155, 86160, 86163, and 87036 
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Description — A thorough description of this taxon is provided by Gingerich and Haskin 
(1981). 
Discussion — Pelycodus jarrovii has previously been reported from the Wasatchian of 
the San Juan Basin (Lucas et al. 1981), the latest Wasatchian (Wa7) of the San Juan 
Basin (Lucas et al. 1981), Wa6 localities of the Wind River Basin (Stucky 1984c), the 
Gray Bull (Wa5) beds of the Bighorn Basin (Schankler 1980), and mid Wasatchian 
sediments from southern portion of the Piceance Creek Basin (Burger 2009, Kihm 1984). 
This biostratigraphic distribution of ~Wa5-7 is consistent with the occurrences of P. 
jarrovii at Raven Ridge (Wa5-6). 
 Only one locality at Raven Ridge (locality 85263) has produced more than a 
single P. jarrovii specimen. The rarity of P. jarrovii at Raven Ridge contrasts what is 
observed in the Piceance Creek Basin, where the taxon tends to be quite abundant 
(Burger 2009, Kihm 1984). It is possible that this abundance discrepancy, in addition to 
the absence of Pelycodus from the northern portion of the Piceance Creek Basin, is 
related to sampling biases caused by different collection methods in each basin (the 
Piceance Creek specimens were mostly surface collected and therefore biased towards 
larger taxa, as opposed to the Raven Ridge specimens which are all isolated teeth 
collected from anthills). 
 
SMILODECTES Wortman (1903-04) 
Type Species — Smilodectes gracilis Marsh (1871a) 
Holotype — YPM 11800, a left dentary with P4-M1 
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SMILODECTES sp. indet. 
Referred Specimens — One P4, five M1s, two M2s, three M3s, two M1s, eight M2s, five 
M3s, one dentary fragment with M2-3, and two fragmentary dentaries containing P4-M1 
Available Specimens — All specimens except UCM 92496 from locality 92003, a left M2 
Stratigraphic range at Raven Ridge — From 461m to 780m above the Goniobasis layer, 
Green River Formation (Blacksforkian (Br1b-Br2)), Utah 
Localities — UCM localities 83219, 92003, and 92006 
Description — A suitable description of Smilodectes is provided by Gunnell (2008c). The 
single new specimen available from UCM collections does not provide any new 
morphological data. 
Discussion — All Smilodectes specimens in the UCM collections, with the exception of 
the two from localities 92003 and 92006 which were collected by Ken Doi, are casts of 
catalogued specimens from the Carnegie Museum of Natural History, collected by 
Carnegie field crews from the Powder Wash locality (UCM locality 83219) as far back as 
1930. The Carnegie specimens have been treated in several previous studies dealing with 
the Powder Wash fauna, and have been identified as either S. gracilis (Krishtalka and 
Stucky 1984), or Smilodectes sp. cf. S. gracilis (Gunnell and Bartels 1999). The latter 
identification was based on the specimens from Powder Wash being at the small end of 
the S. gracilis size range, and the presence of a better developed talonid and a small 
entoconid on the P4s (Gunnell and Bartels 1999). It should be noted that Gunnell appears 
to have changed mind with respect to the cf. S. gracilis identification as he lists the 
specimens from Powder Wash as S. gracilis in his most recent publication on the subject 
(Gunnell et al. 2008c). 
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While the appearance of Smilodectes is one of the biostratigraphic indicators for 
the onset of the Bridgerian Land Mammal ‘Age’ (Robinson et al. 2004), S. gracilis is 
thought to be restricted to the Br2 biochron (Gunnell et al. 2009) which was a major 
impetus for Gunnell and Bartels (1999) to suggest the Powder Wash fauna was Br2 in 
age. Other sites where S. gracilis has been found include the Br2 faunas of the Wapiti 
Valley (Gunnell and Bartels 2001a, Gunnell et al. 1992) and the Blacks Fork Member of 
the Bridger Formation (Stucky 1984c, West 1973b). Other species of Smilodectes are also 
found in Br1a (S. sororis and S. mcgrewi) (Gunnell and Bartels 2001a, Gunnell et al. 
1992, Zonneveld et al. 2000a). 
 The postcranial anatomy of Smilodectes is relatively well known and the limb 
proportions suggest it was an arboreal quadruped with good leaping abilities (Beard and 
Godinot 1988, Covert 1985, Dagosto 1993, Gunnell et al. 2008c), as appears to the case 
for most notharctids. 
 
CANTIUS Simons (1962) 
Type Species — Cantius angulatus Cope (1875c) 
Holotype — Specimen (unnumbered left dentary with M1 from Cope collection) is lost 
(Gunnell et al. 2008c). Beard (1988) designated AMNH 55511 (a left dentary with P3-4 
and a right dentary with P4-M3) 
CANTIUS sp. indet. 
Referred Specimens — Nine P3s, nine P4s, 27 M1s, 16 M2s, 32 M3s, two Mxs, one P3, 
eight P4s, nine M1s, 13 M2s, 21 M3s, five Mxs, and a fragmentary left dentary with P4-M1 
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Available Specimens — UCM 93528, a left P3, UCM 94925, a right M1, UCM 64172, a 
right M2, UCM 55582, cast of a right M3, and UCM 55735, a partial left Mx 
Stratigraphic range at Raven Ridge — From 202m below to 573m above the Goniobasis 
layer, Colton Formation (Graybullian (Wa3-5) to Lostcabinian (Wa7)), Colorado and 
Utah 
Localities — UCM 85262, 85263, 85265, 86137, 86139, 86141, 86143, 86144, 86145, 
86146, 86150 86152, 86153, 86159, 86160, 86162, 86163, 87027, 87028, 87029, 87034, 
87036, 87119, 87122, 87123, 87129, 87130, 87131, 87143, 87144, 87146, 87147, 89009, 
90169, 90170, 91242, 91243, 92017, 92030, and 92031 
Description — The original description of the genus by Simons (1962) remains adequate 
for use here. The lone remaining UCM specimen able to provide detailed morphological 
information is UCM 94925, a right M1. The paraconid is extremely reduced, and there is 
only a poorly developed entoconid notch, although this latter feature has been shown to 
be variable within the genus (Burger 2009, Gunnell et al. 2008c, O'Leary 1997). 
Discussion — The biostratigraphic distribution of Cantius at Raven Ridge spans Wa5-
Wa7, with a single specimen possibly occurring in the earliest Bridgerian (this specimen 
is among those missing from the UCM collections and thus the identification cannot be 
verified). This biostratigraphic distribution is consistent with occurrences in other basins 
throughout the Rocky Mountain region (Gunnell et al. 2008c). 
 Cantius is by far the most abundant notharctid at Raven Ridge, with more than 
five times as many specimens as the next most abundant taxon (Copelemur). This high 
relative abundance within the family is consistent with other coeval faunas such as those 
from the Piceance Creek (Burger 2009, Kihm 1984) and Bighorn (O'Leary 1997) Basins. 
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COPELEMUR Gingerich and Simons (1977) 
Type Species — Copelemur tutus Cope (1877) 
Holotype — Specimen (unnumbered right dentary with P3-M1 from Cope collection) is 
lost (Gunnell et al. 2008c). Beard (1988) designated UALP 10233, a right dentary with 
P3-M2, as a neotype 
COPELEMUR sp. indet. 
Referred Specimens — One P4, five M1s, five M2s, one Mx, two P4s, one M1, three M2s, 
and seven M3s 
Available Specimens — None 
Stratigraphic range at Raven Ridge — From 169m below to 596m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Gardnerbuttean 
(Br1a)), Colorado and Utah 
Localities — UCM localities 85263, 86145, 86153, 86155, 86157, 87131, 87133, 87142, 
87147, 92015, and 92029 
Description — A generalized description of Copelemur cheek teeth is provided by 
Gunnell (2008c). Selecting defining morphological characteristics for Copelemur has 
proven to be a challenge, as this taxon shares both derived (entoconid notch on lower 
molars) and primitive (relatively small mesostyles on upper molars) characteristics with 
other notharctids. It is suggested by Gunnell (2008c) that previous reports of Copelemur 
specimens from the Bighorn Basin actually represent Cantius spp. that have converged 
on Copelemur morphology. 
Discussion — As none of the 25 Copelemur specimens collected by Ken Doi from Raven 
Ridge remain in the UCM collections, their identifications cannot be verified here. 
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However, their biostratigraphic distribution at Raven Ridge is generally consistent with 
previous studies (Gunnell et al. 2008c). The specimens found lowest in section are Wa5 
in age, whereas the stratigraphically highest specimens are from a locality that is 
Gardnerbuttean (Br1a) in age (locality 92029). The 12 specimens from this Bridgerian 
locality include both upper and lower molars, which are diagnostic for the genus. The 
early Bridgerian age represents a modest biostratigraphic range extension for Copelemur, 
which has previously been found only in Wasatchian strata (Burger 2009, Gunnell et al. 
2008c). However, as none of the specimens are available for examination, this range 
extension should be viewed as provisional until further specimens can be collected from 
the locality in question. 
The Raven Ridge Copelemur specimens are the first from the Uinta Basin and the 
state of Utah, and also the westernmost occurrence of the genus in North America. 
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Order TILLODONTIA Marsh (1875) 
Family ESTHONYCHIDAE Cope (1883) 
ESTHONYX Cope (1874a) 
Type species — Esthonyx bisulcatus Cope (1874a). 
Holotype — USMN 1103, a left dentary including P3 and M1-3, and two associated 
incisors. 
ESTHONYX BISULCATUS Cope (1874a) 
Referred Specimens — UCM 60148 right Mx, UCM 90919 right M3, UCM 92506 left 
Mx, UCM 92507 right P4 
Stratigraphic range at Raven Ridge — 121m below the Goniobasis layer, Colton 
Formation (Graybullian (Wa3-5)), Utah 
Locality — UCM locality 85263 
Description — Excellent descriptions of E. bisulcatus are found in Gazin (1953), 
Gingerich and Gunnell (1979) and Stucky and Krishtalka (1983). I follow Stucky and 
Krishtalka (1983) in treating E. bisulcatus Cope (1874a) and E. spatularius Cope (1880b) 
as conspecifics with the latter as the junior synonym. The two lower molars (UCM 60148 
and UCM 92506) are referred to E. bisulcatus based on their well-separated paraconid 
and metaconid and relatively small size (see Table 10) (Gingerich and Gunnell 1979, 
Stucky and Krishtalka 1983). 
Discussion — Esthonyx bisulcatus is a typical component in Graybullian and Lysitean-
aged mammalian faunas in the Powder River, Bighorn, Wind River, and San Juan Basins 
(Stucky and Krishtalka 1983). This species is not found in strata younger than Wa6, 
although there are not enough specimens known for E. bisulcatus to be considered a true 
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index taxon. The occurrence of E. bisulcatus in mid-Wasatchian localities at Raven Ridge 
is consistent with its occurrence in other basins (Lucas and Schoch 1998). 
 
  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length 2 7.62 7.88 7.75 0.03 0.03 0.18 
 Width 2 5.71 6.01 5.86 0.04 0.05 0.21 
P4 Length 1 7.18      
 Width 1 8.73      
 
Table 10: Measurements for Esthonyx bisulcatus lower molar and P4 specimens from 
Raven Ridge. 
 
ESTHONYX ACUTIDENS Cope (1881d) 
Referred Specimens — UCM 92509 left Mx, UCM 92510 right Mx 
Stratigraphic range at Raven Ridge — 493m above the Goniobasis layer, Green River 
Formation (Br1a), Utah 
Localities — UCM localities 90162 and 98084 
Description — The two specimens of E. acutidens at Raven Ridge are differentiated from 
E. bisulcatus by their large size (Table 11). There is no size overlap between E. acutidens 
and E. bisulcatus, making the two taxa relatively easy to distinguish from one another 
(Gingerich and Gunnell 1979, Stucky and Krishtalka 1983) although both taxa retain a 
well separated metaconid and paraconid, a feature that differentiates their lineage from 
the E. xenicus-ancylion-grangeri lineage found in the Bighorn Basin (Gingerich and 
Gunnell 1979, Stucky and Krishtalka 1983). Excellent descriptions of E. acutidens are 
found in Gazin (1953), Gingerich and Gunnell (1979) and Stucky and Krishtalka (1983). 
Discussion — The presence of E. acutidens in the Gardnerbuttean (Br1a) at Raven Ridge 
is consistent with its occurrence in the Wind River Basin (Stucky and Krishtalka 1983). 
However, E. accutidens is more commonly found in Wa7 strata in the Wind River, 
Bighorn, and Huerfano Basins (Gingerich and Gunnell 1979, Robinson 1966, Stucky and 
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Krishtalka 1983), and has recently been reported from Wa7 localities in the Piceance 
Creek Basin (Burger 2009). Given that tillodonts tend to be relatively minor components 
of early Eocene faunas (Lucas and Schoch 1998), the lack of E. acutidens in Wa7 
localities at Raven Ridge is not surprising. Its paucity at Raven Ridge may also be due, in 
part, to the sampling bias skewed towards smaller specimens that has resulted from 
collecting from anthills. 
 
  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length 2 9.03 9.09 9.06 0.00 0.00 0.04 
 Width 2 5.77 6.77 6.27 0.50 0.50 0.71 
 
Table 11: Measurements for Esthonyx acutidens lower molar specimens from Raven 
Ridge. 
 
ESTHONYX sp. indet. 
Referred Specimen — UCM 90919, a right M3 
Stratigraphic occurrence at Raven Ridge — 61m below the Goniobasis layer, Colton 
Formation (Wa6), Utah 
Locality — UCM locality 86144 
Description — UCM 90919 is referred to Esthonyx based on its large size (relative to 
most taxa recovered from Raven Ridge fossil localities), the extensive labial cingulum, 
distinct anterolingual cingulum, tritubercular shape, and well-separated paracone and 
metacone. 
Discussion — The upper third molar of Esthonyx is not diagnostic to the species level. 
The presence of this specimen at a Lysitean (Wa6) locality, combined with the more 
diagnostic specimens detailed below, indicates that some species of Esthonyx was present 
at Raven Ridge from the Graybullian (E. bisulcatus) through the Lysitean (UCM 90919), 
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and into the early Bridgerian (E. acutidens). This biostratigraphic range is consistent with 
other occurrences of Esthonyx throughout the Rocky Mountain Region (Lucas and 
Schoch 1998). 
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Order TAENIODONTA Cope (1876) 
Family STYLINODONTIDAE Marsh (1875) 
STYLINDON Marsh (1874) 
STYLINODON sp. indet.? 
Type Species — Stylinodon mirus Marsh (1874) 
Holotype — YPM 11095, a fragmentary left and right dentary with partial right P3-M1, 
the left P3, and alveoli for the right P2 and M2-3, and the left P2 and P4-M1 
Referred Specimen — UCM 92459, a partial unidentifiable tooth 
Stratigraphic occurrence at Raven Ridge — 67m below the Goniobasis layer, Colton 
Formation (Wa6), Utah 
Locality — UCM locality 86151 
Description — The single taeniodont specimen from Raven Ridge (UCM 92459) is an 
unidentifiable tooth fragment that possesses a thin band of enamel on a hypsodont tooth 
that is otherwise composed entirely of dentine. The tooth is rectangular in cross section 
and appears to be a posterior premolar or a molar. The occlusal surface is worn smooth 
and the base of the tooth has been broken off. Assuming the thin strip of enamel is on 
either the labial or lingual side of the tooth (Schoch 1986), the specimen has a length of 
10.01mm, but width cannot be measured due to its incomplete or fragmentary nature. 
Discussion — The single taeniodont specimen from Raven Ridge is assigned to the genus 
Stylinodon based on the thin strip of enamel present along the labial/lingual wall of the 
tooth. Among taeniodonts, the only other genus that shows such a high degree of enamel 
loss along the tooth wall is Ectoganus, where is it seen only in canines (Schoch 1986). 
Guthrie (1967, 1971) documented specimens of Ectoganus from the Lysite Member of 
 126
the Wind River Formation in the Wind River Basin, which is Wa6 in age, and several 
specimens tentatively identified as Stylinodon from the nearby Wa7-aged Lostcabin 
Member. Gunnell and Bartels (2001b) recorded several indeterminate stylinodontid 
taeniodont specimens from Br1a horizons at South Pass in the Green River Basin. Burger 
(2009) also found several specimens of Ectoganus gliriformis from the early to mid-
Wasatchian of the Piceance Creek Basin. These finds at other Wa-Br localities suggest 
stylinodontid taeniodonts such as Ectoganus and Stylinodon are typical, if rare, 
components of late Wasatchian and early Bridgerian faunas in the Rocky Mountain 
intrabasinal region (Lucas et al. 1998, Schoch 1986). The specimen of Stylinodon from 
Raven Ridge occurs at a late Wa6 or early Wa7 locality. 
 The habits of taeniodonts are speculative, with the general consensus being that 
they were grubbers and rooters (Lucas et al. 1998). 
 The Stylindon specimen from Raven Ridge is the first occurrence of the taxon in 
both the Uinta Basin and the state of Utah. 
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Order RODENTIA Bowdich (1821) 
Comments — Rodents currently include over 40% of all extant species of mammals 
(Honacki et al. 1982), a remarkable level of diversity. Rodents first appear in the North 
American fossil record in the Paleocene (Korth 1994b) and show a rapid increase in 
diversity during the early Eocene. However, given the conservative dental morphology 
within the group, it is unlikely that our understanding of morphospecies for this order is 
as closely related to true biological diversity as in other groups such as primates. To 
phrase it another way, it is likely that the diversity of rodents in the fossil record is 
underrepresented by a significant margin given our inability to differentiate biological 
species on the basis of dental characteristics. 
The difficulties in working with fossil rodent remains (the usually fragmentary 
state of the remains, their extremely small size, and the conservative morphology of their 
dentition) have resulted in relatively few specialists being willing to take on the 
painstaking task of sorting out the group’s taxonomic and systematic relationships. One 
of these experts is Peter Robinson, now emeritus, of the University of Colorado. Dr. 
Robinson identified all 2,943 rodent specimens found at Raven Ridge to the family level 
and has suggested that it may be possible to identify many of these specimens to genus. 
He also notes, however, that such an undertaking would require an enormous investment 
of time, and was probably worthy of an advanced degree unto itself (P. Robinson, pers. 
comm.). To this end, and after consulting with my current advisor Dr. Eberle, I have 
decided to heed Dr. Robinson’s advice and bypass a detailed taxonomic analysis of the 
fossil rodents from Raven Ridge. 
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While diversity within the Order Rodentia can be difficult to gauge in the fossil 
record, rodent teeth are relatively easy to identify at coarser (i.e., order and family) 
taxonomic levels. This allows for analysis of the relative abundance of rodents of at 
Raven Ridge through the mid-late Wasatchian and early Bridgerian. At their peak, 
rodents represent more than half of the specimens collected from Gardnerbuttean 
localities at Raven Ridge. Figure 13 shows how the relative abundance of rodents 
increased throughout the mid-late Wasatchian before peaking during the Gardnerbuttean 
(Br1a) biozone and declining sharply in the Blacksforkian (Br1b) biozone. As relative 
abundance studies have not been carried out on other Wa-Br faunas, there is no way of 
telling if this spike in rodent abundance is a local phenomenon. More detailed discussion 
of changes in relative abundance at Raven Ridge, and possible explanations for these 
changes, can be found in Chapter 6 of this study. 
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Figure 13: Histogram showing the relative abundance of rodents through time in the 
fossil mammal fauna at Raven Ridge. Blue bars represent the percentage of the fauna 
composed of rodents, red bars show the percentage of the fauna composed of all other 
mammal taxa. The relative abundance of rodents peaks during the Gardnerbuttean (Br1a) 
biozone. 
 
 The specimens listed below under the families Ischyromyidae, Sciuravidae, and 
Cylindrodontidae were used to calculate the aforementioned relative abundance data and 
were identified by Dr. Robinson. I list them here for completeness and so that whatever 
lucky soul should decide to take up the task of a more detailed taxonomic investigation 
will have a starting point. 
 
Family ISCHYROMYIDAE Alston (1876) 
Referred Specimens — There are 1,521 specimens consisting of: one P2, two P3s, 167 
P4s, 189 M1s, 24 M2s, 144 M3s, 194 Mxs, one I1, 10 P3s, 31 P4s, 13 M1s, 11 M2s, 149 M3s, 
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581 Mxs, on right mandibular fragment containing P4-M1, and on left maxillary fragment 
containing P3-4. 
Stratigraphic range at Raven Ridge — From 276m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 83219, 85262, 85263, 85264, 85265, 86137, 86139, 86140, 
86141, 86142, 86143, 86144, 86145, 86146, 86150, 86152, 86155, 86157, 86159, 86160, 
86161, 86162, 86163, 87026, 87027, 87028, 87029, 87031, 87036, 87122, 87123, 87124, 
87126, 87129, 87130, 87131, 87132, 87133, 87135, 87136, 87138, 87140, 87142, 87143, 
87144, 87146, 87147, 87148, 89004, 89005, 89006, 89007, 89008, 90155, 90156, 90158, 
90159, 90160, 90161, 90162, 90163, 90164, 90165, 90167, 90169, 90170, 90171, 90172, 
90173, 91242, 91243, 91244, 92001, 92003, 92004, 92005, 92006, 92012, 92013, 92014, 
92015, 92016, 92017, 92021, 92022, 92024, 92026, 92027, 92028, 92029, 92030, and 
92138. 
Description — An excellent description of generalized ischyromyid tooth morphology is 
provided by Korth (1994b). Detailed descriptions of ischyromyid genera can be found in 
Anderson (2008). 
Discussion — Ischyromyids are found at all other Wa-Br sites and were ubiquitous in 
central North America throughout Wasatchian and Bridgerian time (Anderson 2008, 
Gunnell and Bartels 1999, 2001b, Robinson 1966, Stucky 1984c). Typical genera include 
Paramys, Microparamys, Pseudotomus, and Reithroparamys, the first three of which 
have been described in the Powder Wash assemblage (Dawson 1968).  
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Korth (1994b) noted that ischyromyids reached their peak diversity during the 
Wasatchian, Bridgerian, and Uintan. While I cannot comment on the taxonomic diversity 
of this group at Raven Ridge, Figure 14 shows that ischyromyids at Raven Ridge show an 
increase in relative abundance through the mid-late Wasatchian, peaking during the Br1a 
biochrons and then declining in Br1b. Whether this is due to an increase in diversity or 
simply an increase in the relative abundance of one or two taxa is a question for future 
studies. 
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Figure 14: Histogram showing the relative abundance of ischyromyid rodents through 
time in the fossil mammal fauna at Raven Ridge. Blue bars represent the percentage of 
the fauna composed of ischyromyid rodents, red bars show the percentage of the fauna 
composed of all other mammal taxa. The relative abundance of ischyromyids peaks 
during the Gardnerbuttean (Br1a) biozone. 
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Family SCIURAVIDAE Miller and Gidley (1918) 
Referred Specimens — There are 1,265 specimens consisting of: 43 P4s, 124 M1s, 20 
M2s, 156 M3s, 363 Mxs, two P4s, three M1s, one M2, 85 M3s, 458 Mxs, one right 
maxillary fragment containing P4-M1, two maxillary fragments (one right, one left) 
containing M1-2, and one left maxillary fragment containing M2-3. 
Stratigraphic range at Raven Ridge — From 202m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 83219, 85262, 85263, 85264, 85265, 86137, 86139, 86140, 
86141, 86142, 86144, 86145, 86146, 86150, 86152, 86155, 87028, 87029, 87036, 87038, 
87122, 87123, 87126, 87130, 87131, 87133, 87140, 87143, 87144, 87146, 87147, 89004, 
89005, 89008, 90155, 90156, 90158, 90162, 90163, 90164, 90167, 90169, 90170, 90171, 
91242, 91243, 91244, 92001, 92004, 92005, 92006, 92007, 92009, 92010, 92011, 92012, 
92013, 92014, 92015, 92016, 92017, 92019, 92021, 92022, 92024, 92025, 92026, 92027, 
92029, 92030, and 92138. 
Description — An excellent description of generalized sciuravid tooth morphology is 
provided by Korth (1994b). Detailed descriptions of sciuravid genera can be found in 
Walton and Porter (2008). 
Discussion — Sciuravid genera such as Sciuravus, Pauromys, and Knightomys have been 
reported from numerous mid-late Wasatchian and early-mid Bridgerian localities 
throughout North America (Walton and Porter 2008 and locality references therein), 
including the Br1b-aged Powder Wash locality (Dawson 1968). Sciuravids reach their 
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peak diversity during the early Bridgerian, but are exinct by the end of the Duchesnean 
(Korth 1994b, Walton and Porter 2008). 
 As with ischyromyids, I cannot comment on the diversity patterns of sciuravids at 
from Raven Ridge. However, as Figure 15 shows, sciuravid relative abundance increases 
through the late Wasatchian and peaks during the Br1a biochrons at the same time as 
ischyromyid relative abundance. The cause of this increase in relative abundance, be it an 
increase in the number of taxa or an increase in the abundance of only one or a few taxa, 
is a question to be answered by future research. 
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Figure 15: Histogram showing the relative abundance of sciuravid rodents through time 
in the fossil mammal fauna at Raven Ridge. Blue bars represent the percentage of the 
fauna composed of sciuravid rodents, red bars show the percentage of the fauna 
composed of all other mammal taxa. The relative abundance of sciuravids peaks during 
the Gardnerbuttean (Br1a) biozone. 
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Family CYLINDRODONTIDAE Miller and Gidley (1918) 
Referred Specimens — There are 96 specimens consisting of: three M1s, one M2, 11 M3s, 
five Mxs, four M3s, and 72 Mxs. 
Stratigraphic range at Raven Ridge — From 46m below to 812m above the Goniobasis 
layer, Green River Formation (Wa7-Br1b), Colorado and Utah 
Localities — UCM localities 83219, 87147, 89004, 90159, 90162, 90163, 90164, 91244, 
92004, 92013, 92015, 92017, 92024, 92027, 92029, and 92030 
Description — An excellent description of generalized cylindrodontid tooth morphology 
is provided by Korth (1994b). Detailed descriptions of cylindrodontid genera can be 
found in Walsh and Storer (2008). 
Discussion — Cylindrodontid rodents are relatively rare components of late Wasatchian 
and early Bridgerian faunas (Walsh and Storer 2008). No specimens were assigned to this 
family by Dawson (1968) in her review of rodents from the Powder Wash locality at 
Raven Ridge, but cylindrodontids have been found in Br1a strata at South Pass in 
Wyoming (Gunnell and Bartels 2001b). This occurrence is coeval with the ‘peak’ (even 
at their most abundant, the taxon represents only 3% of the Raven Ridge fauna) of 
cylindrodontid abundance at Raven Ridge during the Br1a biochron. 
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Order CREODONTA Cope (1875a) 
Family HYAENODONTIDAE Leidy (1869a) 
ACARICTIS Gingerich and Deutsch (1989) 
Type Species — Acarictis ryani Gingerich and Deutsch (1989) 
Holotype — UM 79081 
ACARICTIS sp. indet. 
Referred Specimens — 21 Mxs 
Stratigraphic range at Raven Ridge — From 169m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 83219, 85263, 85264, 86144, 86145, 86146, 86150, 86160, 
87122, 87123, 87131, 92027 and 92030 
Description — Acarictis is diagnosed by its small size, its high trigonid with a relatively 
large protoconid and roughly equal-sized paraconid and metaconid, and narrow talonid. 
Acarictis is differentiated from Didelphodus in that the protoconid is much larger and the 
talonid narrower in the former taxon. Acarictis is differentiated from similar sized 
carnivorans in that the paraconid points anteriorly in the latter taxon. A complete 
description of the genus is provided by Gingerich and Deutsch (1989). 
Discussion — Acarictis has previously been recorded from the early Eocene (Wa1-2) of 
the Clark’s Fork (Gingerich and Deutsch 1989), Sand Wash (Polly 1993), and Piceance 
Creek (Burger 2009) Basins. Burger (2009) also mentions an Acarictis specimen from 
65m below the Green River Formation which appears to be late Wasatchian (Wa6-7) in 
age, but goes on to suggest that the age of the specimen is so far removed from anything 
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previously known that the locality information for the specimen may be faulty. The 
Raven Ridge Acarictis specimens are the youngest found in North America to date, and 
are consistent with the hypothesis that the genus has a significantly larger biostratigraphic 
range for the taxon (from Wa1-2 to Br1) than has previously been suggested. The 
presence of Acarictis at Raven Ridge is also cause for an expanded geographic range, and 
represents the first record in the Uinta Basin and the State of Utah. 
 Acarictis is the smallest hyaenodontid creodont known from North America, and 
all previously documented specimens have all been assigned to the species A. ryani, first 
described by Gingerich and Deutsch (1989). The Raven Ridge Acarictis specimens are 
smaller than the type specimen from the Clark’s Fork Basin (Gingerich and Deutsch 
1989), and their size range (see Table 12) encompasses those of the specimens from the 
Piceance Creek Basin (Burger 2009), although there are many smaller specimens 
represented in the Raven Ridge sample. The Raven Ridge specimens are not assigned to 
species here as the inability to differentiate lower molar positions and the wide size range 
suggest there may be more than one species represented within the sample. It is likely 
that a new taxon of hyaenodontine creodont, even smaller than Acarictis ryani, is 
represented within the Raven Ridge Acarictis sample, but I have taken a taxonomically 
conservative approach of referring all specimens from Raven Ridge to Acarictis sp. indet. 
until new, more complete, specimens allow for a comprehensive analysis. 
 
  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length 21 2.60 4.95 3.61 7.95 0.40 0.63 
 Width 21 1.36 3.18 2.26 3.00 0.15 0.39 
 
Table 12: Measurements for Acarictis sp. indet. specimens from Raven Ridge. 
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cf. ACARICTIS sp. indet. 
Referred Specimens — Seven heavily worn Mxs 
Stratigraphic range at Raven Ridge — From 121m below to 172m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 83219, 85263, 85264, 86144, 86145, 86146, 86150, 86160, 
86162, 87122, 87123, 87131, 87146, 89005, 92004, 92005, 92009, 92027, 92030, and 
98096 
Description — These specimens are all heavily worn, but show the typical tritubercular 
hyaenodontid morphology, with large metastylar blades, paracones and metacones that 
are basally fused, and an overall triangular shape. The paracones and metacones are not 
closely appressed, as seen with Prototomus, and there is a moderate carnassial notch. 
These features are consistent with the Acarictis upper cheek teeth described by Polly 
(1993). However, Polly (1993) referred those upper teeth without associated lowers, 
meaning the upper and lower teeth currently described in the literature as belonging to 
Acarictis may actually belong to two different taxa. Accordingly, I take the conservative 
approach and maintain the referral of these seven upper molars to Acarictis as a tentative 
taxonomic assignment. Measurements of relevant specimens are shown in Table 13. 
Discussion — These Raven Ridge specimens are too small to be assigned to any known 
Hyaenodontid taxa other than Prototomus or Acarictis, with the former being excluded as 
an option by the lack of closely appressed paracones and metacones. The tentatively 
assigned ?Acarictis upper molars from Raven Ridge are consistent in biostratigraphic 
distribution with the lower cheek teeth which can be more positively diagnosed. 
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  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length 7 2.45 3.26 2.94 0.46 0.08 0.28 
 Width 7 3.82 4.77 4.37 0.74 0.12 0.35 
 
Table 13: Measurements for cf. Acarictis sp. indet. specimens from Raven Ridge. 
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Clade CARNIVOROMORPHA 
Family VIVERRAVIDAE Wortman and Matthew (1899) 
VIVERRAVUS Marsh (1872b) 
Type Species — Viverravus gracilis Marsh (1872b). 
Holotype — YPM 1136. 
Comments — The taxonomy of the genus Viverravus is extremely problematic. At the 
moment, there are nine different species of Viverravus described in the literature (V. 
gracilis, V. acutus, V. bowni, V. lutosus, V. minutus, V. politus, V. sicarius, V. laytoni, and 
V. rosei), many of which are differentiated using size and stratigraphic occurrence (Polly 
1997), although there are also several morphological characters such as the development 
of a M1 hypocone, and relative P3 size that can be used to differentiate some species. It is 
likely that V. laytoni, V. acutus, and possibly V. politus are junior synonyms of V. gracilis 
(Polly 1997), and possible that V. rosei is a junior synonym of V. minutus. This genus 
would benefit greatly from a comprehensive taxonomic revision. As such a review is 
beyond the scope of this project, and diagnosis of isolated teeth below the genus level for 
this taxon is practically impossible, I have elected to tentatively refer the Raven Ridge 
specimens to Viverravus cf. gracilis and Viverravus cf. minutus based upon specimen 
size, as these two taxa have already been shown to be present at Raven Ridge by previous 
studies (Gunnell and Bartels 1999, Krishtalka and Stucky 1984). These taxonomic 
assignments may be solidified or modified once a revision of the genus Viverravus has 
been completed. 
 A recent study by Heinrich (2006) on postcranial material assigned to Viverravus 
acutus from the Clark’s Fork Basin, Wyoming, suggest arboreal habits for the taxon. This 
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interpretation is consistent with the composition of the rest of the Raven Ridge Fauna, 
which is comprised in large part of taxa that are either known or thought to be arboreal in 
habits. Burger (2009) suggests that the predominance of larger, more cursorially adapted, 
Didymictis relative to Viverravus is evidence of more open habitat during the early 
Eocene in the Piceance Creek Basin. By this reasoning, the absence of Didymictis and 
large sample of Viverravus at Raven Ridge may be an indication of a relatively densely 
forested habitat as compared with the Piceance Creek Basin during the same period. 
 
VIVERRAVUS sp. indet. cf. VIVERRAVUS GRACILIS 
Referred Specimens — Four P4s, 19 M2s, two P4s, two M1s, two M2s, and one lower jaw 
with P3-M2 
Stratigraphic Range at Raven Ridge — From 157m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 83219, 85263, 86144, 86152, 86155, 86161, 87027, 87122, 
87147, 89004, 89005, 90162, 90163, 90173, 91243, 92004, 92005, 92007, 92015, 92016, 
92027, 92030, and 92138 
Description — These specimens are diagnosed to the genus Viverravus based upon their 
elevated trigonids with anteriorly pointing paraconids and relatively large protoconids, 
the elongate talonids on the M3s, the prounounced parastylar shelf and posterior cingulum 
on the protocone of the M1s, and their relatively small size as compared to the other 
known early-middle Eocene viverravid (Didymictis). The specimens are differentiated 
from Viverravus cf. minutus based upon their relatively large size (Table 14). For more 
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detailed descriptions of Viverravus and included species see Polly (1997) and Flynn and 
Galiano (1982). 
Discussion — Viverravus gracilis has previously been recorded from early-mid 
Wasatchian (Wa0-6) sediments of the Willwood Formation in the Bighorn Basin (Bown 
1980, Bown et al. 1993, Schankler 1980), the Wa7-Br1 localities of the Huerfano 
(Robinson 1966) and Wind River (Guthrie 1967, 1971, Stucky 1984a) Basins, and 
Bridgerian localities in the Bighorn (Gunnell and Bartels 2001a, Gunnell et al. 1992), 
Green River (Gunnell and Bartels 2001b), and Uinta (Gunnell and Bartels 1999, 
Krishtalka and Stucky 1984) Basins. The stratigraphic distribution of V. gracilis at Raven 
Ridge suggests it was a constant member of the fauna from Wa5 through Br2, a 
biostratigraphic distribution that is consistent with previously known data for the taxon. 
 
  n Min. Max. Mean DEV2 VAR STDEV 
P4 Length 4 3.57 5.22 4.47 1.75 0.58 0.76 
 Width 4 1.28 2.21 1.70 0.35 0.12 0.34 
M2 Length 17 3.31 4.17 3.60 0.95 0.06 0.24 
 Width 19 1.86 2.44 2.09 0.45 0.03 0.16 
P4 Length 2 5.06 5.84 5.45 0.30 0.30 0.55 
 Width 2 2.90 3.22 3.06 0.05 0.05 0.23 
M1 Length 2 3.47 3.60 3.54 0.01 0.01 0.09 
 Width 2 4.57 4.65 4.61 0.00 0.00 0.06 
M2 Length 2 2.41 2.80 2.61 0.08 0.08 0.28 
 Width 2 4.12 4.78 4.45 0.22 0.22 0.47 
 
Table 14: Measurements for Viverravus cf. gracilis specimens from Raven Ridge. 
 
 
VIVERRAVUS sp. indet. cf. VIVERRAVUS MINUTUS 
Referred Specimens — Two P3s, two P4, two M1s, two M2s, and two M2s 
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Stratigraphic range at Raven Ridge — From 199m below to 461m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 83219, 85263, 86146, 86150, 86155, 87123, 87129, 87131, 
87142, and 90171 
Description — These specimens are diagnosed to the genus Viverravus based upon their 
elevated trigonids with anteriorly pointing paraconids and relatively large protoconids, 
the elongate talonids on the M3s, the prounounced parastylar shelf and posterior cingulum 
on the protocone of the M1s, and their relatively small size as compared to the other 
known early-middle Eocene viverravid (Didymictis). The specimens are differentiated 
from Viverravus cf. gracilis based upon their small size (Table 15). For more detailed 
descriptions of Viverravus and included species see Polly (1997) and Flynn and Galiano 
(1982). 
Discussion — Viverravus minutus has previously been recorded from Bridgerian 
sediments at Powder Wash (Gunnell and Bartels 1999, Krishtalka and Stucky 1984), 
South Pass in the Green River Basin (Gunnell and Bartels 2001b), the Sheeps Pass 
Formation in Nevada (Emry 1990), and the Bridger Basin (Gazin 1976), and Uintan 
sediments from the Sand Wash Basin (West and Dawson 1975). The Raven Ridge 
specimens in the UCM collection span the Wa5-Br1 biochrons, and thus may represent a 
significant biostratigraphic range extension back into the Wasatchian. However, as 
mentioned above, this should be considered provisional until a thorough taxonomic 
review of Viverravus has been completed. 
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  n Min. Max. Mean DEV2 VAR STDEV 
P3 Length 2 3.08 3.52 3.30 0.10 0.10 0.31 
 Width 2 1.29 1.29 1.29 0.00 0.00 0.00 
P4 Length 2 2.58 2.81 2.70 0.03 0.03 0.16 
 Width 2 0.97 1.16 1.07 0.02 0.02 0.13 
M1 Length 2 3.34 3.87 3.61 0.14 0.14 0.37 
 Width 2 1.65 1.85 1.75 0.02 0.02 0.14 
M2 Length 2 2.93 3.07 3.00 0.01 0.01 0.10 
 Width 2 1.19 1.69 1.44 0.13 0.13 0.35 
M2 Length 3 1.50 1.96 1.78 0.12 0.06 0.25 
 Width 3 2.70 3.75 3.33 0.62 0.31 0.56 
 
Table 15: Measurements for Viverravus cf. minutus specimens from Raven Ridge. 
 
 
Family MIACIDAE Cope (1880c) 
Comments — The family Miacidae is extremely diverse and abundant in North America 
during the early-middle Eocene (Flynn 1998, Flynn and Galiano 1982, Gingerich 1983b, 
Heinrich and Rose 1995, 1997, Heinrich et al. 2008, Spaulding et al. 2010, Wesley-Hunt 
and Flynn 2005) with numerous genera (Vulpavus, Miacis, Oödectes, Uintacyon, and 
Vassocyon) having biostratigraphic ranges that span the Wasatchian-Bridgerian boundary 
(Flynn 1998). Miacids are easily differentiated from viverravids due to their possession 
of M3s and M3s, lower, more rounded cusps, and wider, cup-shaped talonids on the lower 
molars. Differentiating the smaller miacid taxa (Vulpavus, Miacis, Oödectes, and 
Uintacyon) from one another based on isolated specimens, however, is extremely 
challenging given that there is considerable overlap in size and tooth morphology 
between taxa. While several Raven Ridge miacid specimens were diagnosable to the 
genus level, many can only be assigned to the family Miacidae.  
 Like viverravids, work on miacid postcrania suggests these animals were at least 
facultatively arboreal (Heinrich and Rose 1995, 1997). This is consistent with the rest of 
the Raven Ridge fauna which appears to be heavily skewed towards small, arboreal taxa 
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such as omomyids, paromomyids, and microsyopids. This is in contrast to what was 
suggested as a moderately open habitat in the early-middle Eocene of the neighboring 
Piceance Creek Basin (Burger 2009). 
VULPAVUS Marsh (1871b) 
Type Species — Vulpavus palustris Marsh (1871b) 
Holotype — YPM 11841 
VULPAVUS sp. indet. 
Referred Specimens — 18 Mxs and two M1s 
Stratigraphic range at Raven Ridge — From 165m below to 567m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 86139, 86141, 86145, 86146, 86152, 86160, 87130, 87141, 
90162, 90171, 92016, 92022, 92029, and 92030 
Description — The two M1 specimens are assigned to Vulpavus based on their relatively 
short parastylar shelf and their lingually placed hypocone. The lower molars are assigned 
on the basis of their compressed trigonids and very closely associated paraconids and 
metaconids. For a more complete description of Vulpavus, see Gingerich (1983b). 
Discussion — As with Miacis, Vulpavus is ubiquitous throughout the Rocky Mountain 
Region during the Wasatchian and Bridgerian (Flynn 1998 and locality references 
therein). However, this is the first record of Vulpavus from the Uinta Basin and the State 
of Utah, as the taxon has not previously been found at the Powder Wash locality (Gunnell 
and Bartels 1999, Krishtalka and Stucky 1984). The occurrence of this taxon at Raven 
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Ridge at Wa5-Br1-aged localities is consistent with its lengthy biostratigraphic range 
throughout North America.  
MIACIS Cope (1872b) 
Type Species — Miacis parvivorus Cope (1872b) 
Holotype — AMNH 5019 
MIACIS sp. indet. 
Referred Specimens — UCM 90127, UCM 90129, and UCM 93466, all are isolated M1s 
Stratigraphic range at Raven Ridge — From 72m below to 172m above the Goniobasis 
layer, Colton and Green River Formations (Lostcabinian (Wa7)), Utah 
Localities — UCM localities 86143 and 92030 
Description — All three M1 specimens are assigned to Miacis based on their elongate 
parastylar shelves, and posteriorly placed cingulum on the protocone that bears a distinct 
hypocone. The hypocone is placed more lingually in Vulpavus, which serves to 
differentiate the two taxa in this respect. For a more complete discussion of Miacis tooth 
morphology, see Gingerich (1983b). 
Discussion — Miacis is ubiquitous throughout the Rocky Mountain Region during the 
Wasatchian and Bridgerian (Flynn 1998 and locality references therein). This genus has 
previously been reported from the Powder Wash locality (Gunnell and Bartels 1999, 
Krishtalka and Stucky 1984), so while the local biostratigraphic range is extended into 
the Wa6 and Wa7 biochrons, there is no change in the geographic distribution of the 
taxon. It is likely that the sampling of Miacis noted here does not accurately reflect its 
abundance within the Raven Ridge fauna, nor is it an accurate diagnosis of the 
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biostratigraphic range of the taxon at Raven Ridge, as there are probably more specimens 
from this genus that are grouped in with the Miacidae gen. and sp. indet. sample below. 
MIACIDAE gen. and sp. indet. 
Referred Specimens — 41 Mxs, one P4, and 18 Mxs 
Stratigraphic range at Raven Ridge — From 202m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Blacksforkian (Br1b-
Br2)), Colorado and Utah 
Localities — UCM localities 85252, 85263, 86139, 86141, 86145, 86146, 86149, 86150, 
86152, 86159, 86160, 86162, 87028, 87036, 87131, 87144, 87147, 89005, 90161, 90162, 
90163, 90171, 91242, 91243, 92004, 92005, 92007, 92009, 92016, 92024, 92027, 92029, 
92030, 92031, and 98096 
Description — These specimens were referred to the family Miacidae based on the 
robust, relatively low-cusped lower molars with cup-shaped talonids, the presence of 
M3s, the relatively low, blunt cusps on the upper molars, and the complete cingulum 
around the M1 protocone. However, these specimens are not diagnostic enough, or too 
heavily worn in many cases, to assign to the genus level. 
Discussion — Small miacids such as Miacis, Oödectes and Vulpavus are common 
throughout North America from the earliest Wasatchian through the early Chadronian, so 
their occurrence throughout the late Wasatchian and early Bridgerian at Raven Ridge is 
neither surprising, nor biostratigraphically informative.  
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‘CONDYLARTHRA’ Cope (1881c) 
Family ARCTOCYONIDAE Geibel (1855) 
THRYPTACODON Matthew (1915a) 
Type Species — Thryptacodon antiquus Matthew (1915a). 
Holotype — AMNH 16162, maxillary, dentary, and portions of the radius and ulna 
cf. THRYPTACODON sp. indet. 
Referred Specimen — UCM 93475, a fragmentary lower left incisor 
Stratigraphic occurrence at Raven Ridge — 107m below the Goniobasis layer in the 
Cliffs region of Raven Ridge, Colton Formation (Wa6), Utah 
Locality — UCM locality 86145 
Description — The description provided by Matthew (1915a) remains the primary 
reference for the genus Thryptacodon (Archibald 1998), although details of the anterior 
dentition have been elucidated by Gingerich and Rose (1979). The single specimen from 
Raven Ridge is tentatively assigned to this genus based on presence of a ridge of enamel 
running along the labial side of the incisor crown, which is a diagnostic feature of the 
genus. 
Discussion — Although the genus Thryptacodon has a biostratigraphic range from the 
early Tiffanian through the early Bridgerian (Archibald 1998), arctocyonid condylarths 
are rare components of Wasatchian and Bridgerian faunas. Thryptacodon has not been 
found in the Huerfano Park, South Pass, or Wapiti Valley faunas (Gunnell and Bartels 
2001b, Gunnell et al. 1992, Robinson 1966), nor is it recorded in the Clarkforkian or 
Wasatchian sediments of the Piceance Creek Basin (Burger 2009, Kihm 1984). The taxon 
has, however, been recorded from Wa6-Br1-aged strata in the Wind River Formationa of 
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the Wind River Basin (Guthrie 1967, Stucky 1984c). This makes the Raven Ridge 
specimen of cf. Thryptacodon only the second occurrence of this taxon in a Wa-Br fauna. 
 Because Thryptacodon is relatively rare, its biology is not well understood. 
Gingerich and Rose (1979) suggest that a suitable modern analogue for Thryptacodon 
might be the coati (Nasua narica) although the procumbent incisors found in 
Thryptacodon antiquus are similar to the tooth-comb morphology seen in many modern 
lemurs, who use it primarily for grooming. The Raven Ridge specimen does not add to 
our current understanding of the biology of Thryptacodon, but it does provide evidence 
for an expansion of the taxon’s biogreographic range during the Wa6 biochron from the 
Wind River Basin to the south and west into the Uinta Basin. 
 
Family HYOPSODONTIDAE Trouessart (1879) 
HAPLOMYLUS Matthew (1915b) 
Type Species — Haplomylus speirianus Cope (1880b) (=Hyopsodus speirianus) 
Holotype — AMNH 4190, dentary with M1-3 
HAPLOMYLUS BOZEMANENSIS Robinson and Williams (1997a) 
Holotype — AMNH 93293, a right P4-M1 
Referred Specimens — UCM 67567 and UCM 68036, both left M1s 
Stratigraphic range at Raven Ridge — From 276m to 141m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Colorado and Utah 
Localities — UCM localities 87141 and 92028 
Description — A suitable description of Haplomylus bozemanensis is provided by 
Robinson and Williams (1997a), whose taxonomy I follow here, as it is based upon 
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morphological features of the teeth. In contrast, the taxonomy of Gingerich (1994) is 
based primarily on tooth size and stratigraphic occurrence. The specimens at Raven 
Ridge are attributed to this species based on the the anterobuccal cingulid of the M1 
joining the paracristid midway between the protoconid and paraconid (as opposed to 
connecting directly to the paraconid in H. speirianus). Specimen measurements are 
provided in Table 16. 
Discussion — Haplomylus bozemanensis was described by Robinson and Williams 
(1997a) from Sandcoulean (Wa1-2) localities in the Powder River and Bighorn Basins of 
Wyoming. This taxon has not been identified at other localities in the Rocky Mountain 
Region, in part due to a lack of interest in small ‘condylarth’ taxonomy (numerous 
Sandcoulean and Graybullian localities throughout the Rocky Mountain Region have 
produced specimens assigned to Haplomylus sp.) (Archibald 1998).  
As the Raven Ridge Haplomylus bozemanensis specimens are only the second 
record of the taxon, they result in a considerable extension of biogeographic and 
biostratigraphic range. Raven Ridge is the westernmost and southernmost known extent 
of the biogeographic range of H. bozemanensis and the first record of the taxon from both 
the state of Utah and the Uinta Basin. The biostratigraphic range of H. bozemanensis is 
extended from the earliest Wasatchian in the Bighorn Basin and Sandcoulean (Wa1-2) in 
the Powder River Basin (Robinson and Williams 1997a), into the late Graybullian (Wa6) 
at Raven Ridge.  
 
Tooth  n Min. Max.  Mean DEV2 VAR STDEV
M1 Length 2 2.35 3.09 2.72 0.27 0.27 0.52 
 Width 2 1.69 2.41 2.05 0.26 0.26 0.51 
 
Table 16: Measurements of Haplomylus bozemanensis M1 specimens from Raven Ridge. 
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HAPLOMYLUS SPEIRIANUS Cope (1880b) 
Holotype — AMNH 4190, dentary with M1-3 
Referred Specimens — UCM 53946, UCM 53951, UCM 67579, UCM 67583, UCM 
67566, UCM 67568, UCM 67569, all of which are M1s 
Stratigraphic range at Raven Ridge — From 276m to 199m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5)), Utah 
Localities — UCM localities 85262, 87129, and 92028 
Description — An adequate description of Haplomylus speirianus is provided by 
Robinson and Williams (1997a). The Raven Ridge specimens are assigned to this species 
based on the morphology of the anterior cingulid of the M1, which terminates at the 
preparacristid, as opposed to halfway between the paraconid and protoconid as in H. 
bozemanensis. Specimen measurements are provided in Table 17. 
Discussion — Haplomylus speirianus is a typical early-middle Wasatchian taxon found 
in most faunas throughout the Rocky Mountain Region (Archibald 1998). The H. 
speirianus specimens from Raven Ridge are the first from both the Uinta Basin and the 
state of Utah. This is a small biogeographic range extension to the west from the 
neighboring Piceance Creek Basin in Colorado (Archibald 1998, Kihm 1984). 
 
Tooth  n Min. Max.  Mean DEV2 VAR STDEV
M1 Length 6 2.32 2.93 2.56 0.27 0.05 0.23 
 Width 7 1.72 2.33 1.99 0.29 0.05 0.22 
 
Table 17: Measurements of Haplomylus speirianus M1 specimens from Raven Ridge. 
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HAPLOMYLUS sp. indet. 
Referred Specimens — Nine P4s, one Px, eight M1s, 14 M2s, ten M3s, one Mx, two P3s, 15 
P4s, 11 M1s, 12 M2s, five M3s, and five Mxs. This tally does not include specimens that 
were diagnosed to species level. 
Stratigraphic range at Raven Ridge — From 276m below the Colton-Green River contact 
to 46m below the Goniobasis layer, Colton Formation (Graybullian (Wa3-5)), Colorado 
and Utah 
Localities — UCM localities 85262, 87036, 87038, 87126, 87129, 87130, 87131, 87133, 
87141, 87142, 87146, 92020, and 92028 
Description — Robinson and Williams (1997a) provided an adequate description of 
Haplomylus. The specimens included here in Haplomylus sp. indet. can be assigned to the 
genus based primarily on their small size, the presence of a small paraconid on the M1s 
(and absence of paraconids on M2s and M3s), the presence of a small hypocone on the 
posterior wing of the protocone of the M1s and M2s, and the triangular shape of the P4s. 
The presence of H. speirianus and H. bozemanensis M1s in the Raven Ridge fossil 
assemblage suggests that many of these Haplomylus sp. indet. specimens may belong to 
one of those two species. However, in the absence of diagnostic dental characters 
applicable to isolated teeth other than M1s, these specimens are grouped at the genus 
level. Specimen measurements are provided in Table 18. 
Discussion — Haplomylus is a common component of early to mid-Wasatchian 
faunas in the Rocky Mountain Region, with a first appearance in the Clarkforkian (H. 
simpsoni), and a last appearance at the end of the Wa5 biochron (H. speirianus and H. 
bozemanensis) (Archibald 1998, Chew 2009).  Haplomylus specimens from Raven Ridge 
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are found with typical early-middle Wasatchian taxa such as Eohippus and Apheliscus, 
suggesting a similar biostratigraphic range to Haplomylus in other basins. 
 
Tooth  n Min. Max.  Mean DEV2 VAR STDEV 
P4 Length 9 2.60 3.20 2.85 0.41 0.05 0.23 
 Width 9 1.27 1.80 1.52 0.30 0.04 0.19 
M1 Length 6 1.75 2.94 2.46 0.90 0.18 0.43 
 Width 8 1.74 3.07 2.15 1.36 0.19 0.44 
M2 Length 13 2.16 3.26 2.65 1.10 0.09 0.30 
 Width 14 1.78 2.66 2.15 0.74 0.06 0.24 
M3 Length 10 2.20 3.12 2.51 0.97 0.11 0.33 
 Width 10 1.39 2.11 1.71 0.58 0.06 0.25 
P3 Length 1 2.53      
 Width 1 2.07      
P4 Length 13 2.18 3.02 2.46 0.74 0.06 0.25 
 Width 14 2.18 3.19 2.68 1.56 0.12 0.35 
M1 Length 11 2.05 2.79 2.33 0.58 0.06 0.24 
 Width 11 2.73 3.42 3.02 0.55 0.06 0.24 
M2 Length 12 2.10 2.86 2.52 0.88 0.08 0.28 
 Width 12 2.79 3.97 3.30 2.13 0.19 0.44 
M3 Length 5 2.08 2.52 2.24 0.14 0.03 0.19 
 Width 5 2.46 3.20 2.81 0.28 0.07 0.27 
 
Table 18: Measurements for Haplomylus sp. indet. cheek tooth specimens from Raven 
Ridge. 
 
 
HYOPSODUS Leidy (1870b)  
Type Species — Hyopsodus paulus Leidy (1870b) 
Holotype — USNM 1176, right dentary containing fragmentary P4 and M1-3 
Comments — Hyopsodus is ubiquitous throughout the early and middle Eocene faunal 
assemblages  in the Rocky Mountain Region (Archibald 1998), and is the most abundant 
genus in the Raven Ridge collections with over 1,700 isolated teeth. The genus is best 
known from North America, although specimens have been reported from both Europe 
(Russell 1964) and Asia (Russell and Zhai 1987). Hyopsodus first appeared in North 
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Americain the mid-Clarkforkian (Rose 1981) and has a last appearance in the early 
Chadronian (Emry 1975), with peak abundance in the Wasatchian. 
The definitive taxonomic treatment of Hyopsodus is by Gazin (1968), although 
further taxonomic and systematic contributions for the genus have been made by later 
authors (Bown et al. 1994, Gingerich 1974c, 1976b, Redline 1997). These studies include 
a number of synonymies at the species level, resulting in roughly a dozen valid taxa 
currently attributed to the genus. Species-level taxonomy of Hyopsodus has generally 
relied on a combination of M1 size and stratigraphic occurrence, due to the highly 
conservative tooth morphology of the genus through time. Numerous Hyopsodus 
‘species’ overlap one another within morphospace, but are differentiated based on their 
stratigraphic occurrences (meaning they look the same but do not overlap in time), a 
taxonomic structure that makes the implicit assumptions that the two fossil populations 
do not represent members of the same species and are never coeval. While a taxonomic 
system that incorporates stratigraphic occurrence is not ideal, the isolated teeth from 
Raven Ridge do not provide sufficient data to justify revising Hyopsodus. A detailed 
morphological investigation of the genus Hyopsodus with the explicit goal of outlining 
morphological variation throughout the lineage would be a worthwhile, if mind-
bogglingly large, undertaking for a future study. 
The Hyopsodus specimens from Raven Ridge are, with one exception, isolated 
teeth. While previous studies have used the dimensions of either M1 (Gingerich 1974b, c, 
1976b, 1994) or M2 (Gazin 1968) as a key to differentiating species, this is not possible 
with the Raven Ride specimens because isolated M1s and M2s are essentially 
indistinguishable. However, by batching lower anterior molars together, it is still possible 
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to differentiate two size classes of Hyopsodus within the Raven Ridge fauna, referred to 
herein as Hyopsodus ‘small’ and Hyopsodus ‘large’. These two groups are differentiated 
by plotting tooth length versus width (thereby essentially grouping the specimens by 
tooth area), and finding the natural break in the resulting image (see Figure 16 for an 
example using Mx). Hyopsodus ‘large’ and Hyopsodus ‘small’ necessarily have greater  
size variation than any previously defined Hyopsodus species due to the batching of M1s 
and M2s. Possible affiliations of the Raven Ridge taxa with previously described 
Hyopsodus taxa are discussed below. 
 
 
 
 
Figure 16: A plot of length and width measurements of lower molars of Hyopsodus from 
Raven Ridge. The elipses are drawn around the natural groupings that have been 
identified as Hyopsodus ‘small’ and Hyopsodus ‘large’. Similar plots were used to 
differentiate between the two taxa for other tooth positions. 
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HYOPSODUS ‘small’ 
Referred Specimens — 97 P3s, 216 P4s, 296 Mxs, 144 M3s, 90 P3s, 118 P4s, 137 M1s, 106 
M2s, and 213 M3s 
Stratigraphic range at Raven Ridge — From 225m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 83219, 85262, 85263, 86264, 85265, 86137, 86138, 86140, 
86141, 86142, 86143, 86144, 86145, 86146, 86150, 86151, 86152, 86153, 86155, 86159, 
86160, 86162, 86163, 87026, 87028, 87029, 87031, 87034, 87036, 87038, 87121, 87122, 
87123, 87124, 87125, 87126, 87129, 87130, 87131, 87132, 87133, 87135, 87140, 87141, 
87143, 87144, 87146, 87147, 89004, 89005, 89006, 89007, 89008, 89009, 90155, 90156, 
90160, 90161, 90162, 90163, 90164, 90167, 90169, 90170, 90171, 90172, 90173, 91242, 
91243, 91244, 92004, 92005, 92006, 92010, 92011, 92012, 92013, 92014, 92015, 92019, 
92020, 92022, 92024, 92027, 92029, 92030, 92031, and 92138 
Description — Gazin’s (1968) description, also found in Archibald (1998), of Hyopsodus 
tooth morphology remains the best available reference for this genus. P4s have a high 
metaconid and have a narrow talonid. M1s and M2s have trigonids composed of two 
cusps (protoconid and metaconid) roughly the same elevation as the hypoconid and 
entoconid of the talonid. M3s are elongate as a result of the posteriorly projecting 
hypoconulid. P3s and P4s both have two cusps, with the labial one being much higher 
than the lingual one. Anterior Mxs are sub-rectangular with well-developed hypocones.   
Discussion — Hyopsodus is one of, if not the most, abundant and geographically 
ubiquitous taxa found in Wasatchian and Bridgerian sediments of North America, and 
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has an overall biostratigraphic distribution that spans from the latest Clarkforkian (Rose 
1981) up into the Chadronian (Emry 1975). The genus is found in every basin in the 
Rocky Mountain Region, and has an extremely complex taxonomic history at the species 
level (Archibald 1998, Bown et al. 1994, Burger 2009, Flynn 1991, Gazin 1968, 
Gingerich 1974b, 1976b, 1994, Redline 1997, West 1979). Recognized Hyopsodus 
species that overlap in size with the Raven Ridge Hyopsodus ‘small’ sample (Table 19) 
and biostratigraphic distribution include H. paulus, H. miticulus, H. loomisi, H. 
wortmani, H. minor, H. latidens, and H. mentalis. However, it is not possible to assign 
the Raven Ridge specimens to the species level given that diagnostic characters for these 
potential taxa are not applicable to isolated teeth. 
 
Tooth  n Min. Max.  Mean DEV2 VAR STDEV
P3 Length 94 2.21 3.57 2.91 10.24 0.11 0.33 
 Width 94 1.46 2.53 1.90 3.05 0.03 0.18 
P4 Length 203 2.41 4.26 3.23 28.72 0.14 0.38 
 Width 208 1.65 2.92 2.26 12.72 0.06 0.25 
Mx Length 278 2.63 4.67 3.57 44.32 0.16 0.40 
 Width 290 1.89 3.76 2.79 33.93 0.12 0.34 
M3 Length 135 2.98 5.32 4.03 44.72 0.33 0.58 
 Width 137 1.89 3.60 2.71 15.26 0.11 0.33 
P3 Length 86 2.10 3.71 2.91 13.70 0.16 0.40 
 Width 85 1.64 4.31 2.95 13.99 0.17 0.41 
P4 Length 112 1.97 3.47 2.75 12.99 0.12 0.34 
 Width 96 2.90 4.70 3.76 18.53 0.20 0.44 
M1 Length 129 2.52 4.40 3.45 23.81 0.19 0.43 
 Width 107 2.91 5.72 4.25 26.49 0.25 0.50 
M2 Length 103 2.79 4.63 3.46 17.83 0.17 0.42 
 Width 100 2.66 6.24 4.70 36.31 0.37 0.61 
M3 Length 199 1.93 3.82 2.84 29.17 0.15 0.38 
 Width 192 2.56 5.00 3.95 57.04 0.30 0.55 
 
Table 19: Measurements for Hyopsodus ‘small’ cheek tooth specimens from Raven 
Ridge. 
 
 
 
 157
HYOPSODUS ‘large’ 
Referred Specimens — 15 P3s, 17 P4s, 32 Mxs, 11 M3s, 6 P3s, 8 P4s, 8 M1s, 8 M2s, and 23 
M3s 
Stratigraphic range at Raven Ridge — From 202m below to 812m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1b), Colorado and 
Utah 
Localities — UCM localities 85262, 85263, 85264, 86057, 86139, 86140, 86141, 86142, 
86143, 86144, 86150, 86151, 86152, 86153, 86159, 87122, 87143, 87144, 87147, 90160, 
90161, 90167, 90169, 90170, 91243, and 92027 
Description — Gazin’s (1968) description, also found in Archibald (1998), of Hyopsodus 
tooth morphology remains the best available reference for this genus. 
Discussion — Specimens that are classified as Hyopsodus ‘large’ are found at all 
stratigraphic levels within the Raven Ridge section. There are no notable changes in 
morphology among the teeth through time, but subtle changes may be masked by the 
inability to differentiate M1s and M2s. 
 The Raven Ridge Hyopsodus ‘large’ specimens likely belong to one, or both, of 
H. powellianus or H. wolcottianus. These are the two largest species of Hyopsodus, with 
the former being slightly smaller than the latter. Like many species of Hyopsodus, H. 
powellianus and H. wolcottianus are essentially indistinguishable from one another if 
found in the same fauna; previous authors have noted H. wolcottianus is larger, but have 
neglected to provide statistical parameters to separate the taxa, likely because they 
overlap almost completely. Gazin (1968) suggested H. wolcottianus M2s are those with a 
length greater than 6.5mm, considerably larger than any specimens from Raven Ridge 
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(see Table 20). Gingerich (1976b), however, calculated the log (base 10) of M1s for 
various Hyopsodus taxa and determined that H. wolcottianus had a resulting average of 
~1.4, roughly the mean for Hyopsodus ‘large’ Mxs from the Cliffs area of Raven Ridge. 
Given these contradictory characteristics, I choose to acknowledge that Hyopsodus 
‘large’ may include members of both H. powellianus and H. wolcottianus with a more 
detailed taxonomic resolution awaiting a better understanding of the differences between 
the two taxa. 
 Hyopsodus wolcottianus has a stratigraphic range that stretches from Wa6 through 
the mid-Bridgerian (Archibald 1998), and is well-known from the Wind River, Bighorn, 
and Green River Basins, but is not found in the Piceance Creek Basin (Burger 2009). 
Hyopsodus powellianus’ stratigraphic range runs from the Wa6 through early Bridgerian 
(Archibald 1998), although there are some tentatively identified specimens from the 
Sandcoulean (Wa1-2) of the Piceance Creek Basin (Burger 2009). The presence of 
Hyopsodus ‘large’ in the Wa6, Wa7, and Br1a sediments at Raven Ridge is consistent 
with the stratigraphic ranges of both larger Hyopsodus taxa. The Hyopsodus ‘large’ teeth 
from the Graybullian (Wa3-5) localities near the Mormon Gap area may represent a 
slight range extension of either taxon; however, the inability to positively identify the 
specimens to the species level makes these extensions extremely tentative. 
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Tooth  n Min. Max.  Mean DEV2 VAR STDEV
P3 Length 15 4.05 4.85 4.46 0.89 0.06 0.25 
 Width 15 2.31 2.98 2.64 0.43 0.03 0.18 
P4 Length 14 4.45 5.27 4.84 0.62 0.05 0.22 
 Width 17 2.77 3.69 3.20 0.69 0.04 0.21 
Mx Length 24 4.83 6.16 5.56 3.18 0.14 0.37 
 Width 32 3.23 5.09 4.39 6.05 0.20 0.44 
M3 Length 10 5.57 6.72 6.15 1.22 0.14 0.37 
 Width 10 3.31 4.69 4.18 1.26 0.14 0.37 
P3 Length 6 4.09 4.50 4.29 0.13 0.03 0.16 
 Width 6 3.43 4.66 4.15 1.36 0.27 0.52 
P4 Length 8 3.89 4.40 4.10 0.21 0.03 0.17 
 Width 5 5.36 6.10 5.61 0.33 0.08 0.29 
M1 Length 8 4.60 5.99 5.26 1.44 0.21 0.45 
 Width 4 5.92 7.34 6.66 1.05 0.35 0.59 
M2 Length 8 5.14 6.00 5.48 0.71 0.10 0.32 
 Width 8 6.26 8.13 7.31 2.51 0.36 0.60 
M3 Length 22 3.72 5.72 4.29 4.15 0.20 0.44 
 Width 23 5.08 7.40 5.86 7.61 0.35 0.59 
 
Table 20: Measurements for Hyopsodus ‘large’ cheek tooth specimens from Raven 
Ridge. 
 
 
APHELISCUS Cope (1875c) 
Type Species — Apheliscus insidiosus Cope (1874b) (=Prototomus insidiosus) 
Holotype — UCMP 31264, left dentary with P4-M2 
APHELISCUS cf. APHELISCUS INSIDIOSUS 
Referred Specimens — Three P4s, one M1, five M2s, four M3s, one Mx, three P4s, one Px, 
eight M3s, and 20 Mxs 
Stratigraphic range at Raven Ridge — From 276m to 107m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5) to Wa6), Colorado and Utah 
Localities — UCM 85262, 85263, 85265, 86145, 86146, 86162, 86163, 87129, 87131, 
87140, 87141, 89007, 92028, and 92031 
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Description — These specimens are referred to Apheliscus insidiosus on the basis of their 
morphology being typical of the genus Apheliscus (smalls size, roughly triangular upper 
molars with a weak anterior cingulum, relatively strong hypocone, lower molars with 
reduced paraconid/paracristid and a well-developed anterior cingulum (Archibald 1998)), 
and their stratigraphic occurrence in the mid-to late Wasatchian (see discussion below). A 
more detailed description of Apheliscus is provided by Archibald (1998). Specimen 
measurements are provided in Table 21. 
Discussion — The stratigraphic range of Apheliscus is relatively well established as 
Clarkforkian through Wa6 (Chew 2009, Gingerich 1994, Robinson et al. 2004), and as 
such the genus is biostratigraphically informative. Two of the three species, however, (A. 
nitidus and A. insidiosus) are defined in part by their stratigraphic occurrences 
(Clarkforkian specimens are the former, Wasatchian specimens the latter) and thus offer 
no additional temporal resolution relative to generic identifications (Gingerich 1994). 
Apheliscus wapitiensis is a smaller taxon than both A. nitidus and A. insidiosus, and is 
found in the early Wasatchian of the Willwood Formation (Bown 1979a, 1980, Bown et 
al. 1993) and the Powder River Basin (Delson 1971). The taxonomy of Apheliscus was 
most recently discussed by Gingerich (1994), who used the natural log of the area of M1 
along with stratigraphic occurrence to differentiate species. The single M1 identified from 
the Graybullian of Raven Ridge has a Ln(LxW) value of 1.78, which is consistent with 
larger specimens of A. nitidus and A. insidiosus, while being considerably larger than A. 
wapitiensis. This result suggests the Raven Ridge Apheliscus specimens are most likely 
A. insidiosus, based upon their size and stratigraphic occurrence at Wa5 and Wa6 
localities. Other mid-late Wasatchian occurrences of Apheliscus occur in the San Juan 
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Basin (Krishtalka and Stucky 1986, Lucas et al. 1981), the Willwood Formation in the 
Bighorn Basin (Bown 1979a, 1980, Bown et al. 1993, Schankler 1980), and the Lysite 
Member in the Wind River Basin (Guthrie 1967, Stucky 1984a). Of note, Kihm (1984) 
recorded Apheliscus sp. in the Clarkforkian and early Wasatchian of the neighboring 
Piceance Creek Basin, but neither he, nor Burger (2009), record any Graybullian (Wa3-5) 
occurrences of the genus. However, a single M3 assigned to Apheliscus was collected 
from UCM locality 97079 at the base of the Citadel Plateau at the northern edge of the 
Piceance Creek Basin. The presence of this unpublished specimen suggests Apheliscus 
was present in the Graybullian in the Piceance Creek Basin, as was the case at Raven 
Ridge. 
 The Raven Ridge Apheliscus specimens are the first records of this genus from 
both the Uinta Basin and the state of Utah. 
 
Tooth  n Min. Max.  Mean DEV2 VAR STDEV
P4 Length 3 2.56 2.91 2.75 0.06 0.03 0.18 
 Width  1.32 1.49 1.43 0.02 0.01 0.09 
M1 Length 1 2.88      
 Width  2.06      
M2 Length 5 2.36 2.70 2.58 0.08 0.02 0.14 
 Width  1.45 1.83 1.70 0.09 0.02 0.15 
M3 Length 4 1.69 3.04 2.54 1.04 0.35 0.59 
 Width  1.42 1.87 1.68 0.11 0.04 0.19 
Mx Length 1 2.63      
 Width  1.77      
P4 Length 3 2.10 2.28 2.17 0.02 0.01 0.09 
 Width  2.64 3.14 2.91 0.13 0.06 0.25 
M3 Length 8 2.17 2.68 2.39 0.23 0.03 0.18 
 Width  2.09 2.65 2.35 0.27 0.04 0.19 
Mx Length 20 1.56 2.87 2.34 1.95 0.06 0.32 
 Width  1.93 3.03 2.52 1.51 0.08 0.28 
 
Table 21: Measurements for Apheliscus cf. A. insidiosus cheek tooth specimens from 
Raven Ridge. 
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Family PHENACODONTIDAE Cope (1881b) 
PHENACODUS Cope (1873a) 
Type Species — Phenacodus primaevus Cope (1873a) 
Holotype — AMNH 4408, badly worn M3 
cf. PHENACODUS sp. indet. 
Referred Specimen — UCM 54052, weathered right M3 
Stratigraphic range at Raven Ridge — 202m below the Goniobasis layer at the base of 
Section 2, Colton Formation (Graybullian (Wa3-5)), Utah 
Locality — UCM locality 85262 
Description — A suitable description of the genus Phenacodus and included species is 
provided by Thewissen (1990). This heavily weathered M3 is tentatively assigned to 
Phenacodus based on its more bunodont morphology than Ectocion (discussed below).  
Discussion — Phenacodus is ubiquitous throughout Paleocene and early Eocene deposits 
of North America and is of little utility for biostratigraphic correlation when identified 
only to the generic level. Several species extend into the Bridgerian (Gunnell et al. 2009), 
and others are present throughout the Wasatchian at all other Wa-Br localities (Burger 
2009, Chew 2009, Guthrie 1967, 1971, Robinson 1966), with the exception of South Pass 
in the Green River Basin (Gunnell and Bartels 2001b). 
 The rarity of Phenacodus at Raven Ridge has several possible explanations. First, 
the paucity of specimens may be due to a sampling bias towards small teeth, which would 
necessarily exclude Phenacodus. This is a real possibility, although several localities 
derived from channel lag deposits in the Cliffs area of Raven Ridge also fail to provide 
any Phenacodus specimens. The second explanation is derived from Raven Ridge being 
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located at the very northern edge of the Uinta Basin. Gunnell and Bartels (2001b) 
suggested that basin margin faunas such as that found at South Pass, Wyoming, are 
necessarily different from basin center faunas such as those from the Wind River and 
Huerfano Park Basins, due to the increased topography and diversity of ecological niches 
available at basin margins. Raven Ridge is the northeasternmost feature in the Uinta 
Basin, the very definition of a basin margin. Thus, Phenacodus may be absent from the 
South Pass fauna, and extremely rare in the Raven Ridge fauna, because the mammal’s 
preferred habitat was in the lowlands near basin centers, as opposed to the increased 
relief at basin margins. 
ECTOCION Cope (1882c) 
Type Species — Ectocion osbornianus Cope (1882a) (=Oligotomus osbornianus) 
Holotype — AMNH 4409, fragments of maxillary and dentary 
ECTOCION OSBORNIANUS 
Referred Specimens — UCM 90935, left P3; UCM 90917, left P3 
Stratigraphic range at Raven Ridge — From 63m to 61m below the Goniobasis layer in 
the Cliffs area of Raven Ridge, Colton Formation (Wa6), Utah 
Localities — UCM localities 85264 and 86144 
Description — Thewissen (1990) provided excellent descriptions of Ectocion and all 
species currently recognized within the genus. Thewissen (1990: 25) stated “In general, 
members of the genus differ by degrees of inflation of protoconid and hypoconid of P3 
and size of the metaconid.” Given the large protoconid and hypoconid and the lack of a 
metaconid, I assign these two specimens to E. osbornianus. 
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Discussion — The presence of Ectocion at Raven Ridge is not terribly informative in 
terms of biostratigraphic correlation. The genus reached peak diversity and abundance 
during the Tiffanian and Clarkforkian NALMAs, but is found at many North American 
sites ranging from Torrejonian through Bridgerian (Thewissen 1990). Only two species 
are found above the Sandcoulean (Wa1-2), E. osbornianus and E. superstes, the former in 
Wa3-5 sediments, and the latter in early Bridgerian sediments from the Wind River Basin 
(Thewissen 1990). Given this temporal distribution, the Ectocion specimens from Raven 
Ridge are well within the expected stratigraphic range for the genus while slightly 
extending the biostratigraphic record of E. osbornianus into the Wa6 biochron. While 
Ectocion is not reported from either the Huerfano Park localities (Robinson 1966) or 
South Pass, Wyoming (Gunnell and Bartels 2001b), Chew (2009) noted that Ectocion is 
present in the Willwood Formation from the earliest Wasatchian through the end of Wa5, 
suggesting that the Raven Ridge specimens are not major temporal anomalies. 
MENISCOTHERIUM Cope (1874b) 
Type Species — Meniscotherium chamense Cope (1874b) 
Holotype — USNM 1093, maxillary with right M1-M3 
MENISCOTHERIUM TAPIACITUM Cope (1882d) 
Referred Specimens — UCM 54031, right M1; UCM 54032, right Mx; UCM 54059, left 
P3; UCM 91806, right Mx 
Stratigraphic range at Raven Ridge —  From 202m to 199m below the Goniobasis layer, 
roughly halfway between the Mormon Gap and Cliffs areas of Raven Ridge, Colton 
Formation (Graybullian (Wa3-5)), Utah 
Localities — UCM localities 85262 and 87129 
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Description — Williamson and Lucas (1992) provided an adequate description of 
Meniscotherium. The molars are recognized by their increased lophodonty relative to 
Ectocion and Phenacodus. The P3 of Meniscotherium has an almost blade-like paracone 
and lacks a metacone, whereas the P3s of Ectocion and Phenacodus have blunt paracones 
and distinct metacones. The specimens from Raven Ridge are assigned to M. tapiacitum 
based on their small size. 
Discussion — The genus Meniscotherium was most recently reviewed by Williamson 
and Lucas (1992) who described two species (M. chamense and M. tapiacitum) 
differentiated primarily by size, which is also followed by later authors (Archibald 1998, 
Burger 2009). The specimens from Raven Ridge are slightly smaller than the 
measurements for the smaller of the two species (M. tapiacitum) from either the San Juan 
Basin (Williamson and Lucas 1992) or the Piceance Creek Basin (Burger 2009), but I do 
not assign this material to a new species due to the small sample size and its incomplete 
nature (see Table 22). 
 Meniscotherium has been used as an index taxon for the Wa0 interval in the 
Bighorn Basin at Polecat Bench (Gingerich 2003), despite a much wider stratigraphic 
distribution in the San Juan and Piceance Creek Basins (Burger 2009, Williamson and 
Lucas 1992). Burger (2009) noted that Meniscotherium is present in only late Graybullian 
(probably Wa5) strata from the Piceance Creek Basin, a temporal distribution consistent 
with that seen at Raven Ridge. The two Meniscotherium-producing localities at Raven 
Ridge are in close proximity to one another at the lowest point stratigraphically in the 
section, and associated faunas consist of typical Graybullian taxa such as Haplomylus, 
Apheliscus, and Cantius. 
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As an aside, the utility of Meniscotherium as a Wa0 index taxon in the Bighorn 
Basin (e.g., Gingerich 2001) appears to be a strictly local phenomenon. As mentioned 
above, this genus is well-known from Wasatchian-aged strata of numerous basins, and 
thus the restricted Wa0 occurrence of Meniscotherium in the Bighorn Basin may be an 
oddity related to the paleoecological tolerances of the taxon.  
 The Meniscotherium specimens from Raven Ridge are the first of this genus 
reported from the Uinta Basin and the state of Utah. 
Tooth  n Min. Max. Mean DEV2 VAR STDEV 
Mx Length  2 5.02 5.22 5.12 0.02 0.02 0.14 
 Width 2 3.90 4.26 4.08 0.06 0.06 0.25 
P3 Length  1 3.85      
 Width 1 4.39      
M1 Length  1 4.73      
 Width 1 6.85      
 
Table 22: Measurements for Meniscotherium tapiacitum cheek tooth specimens from 
Raven Ridge. 
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Order PANTODONTA Cope (1873b) 
Family CORYPHODONTIDAE Marsh (1876b) 
CORYPHODON Owen (1845) 
Type Species — Coryphodon eocaenus Owen (1845) 
Holotype — BMHM 27848, fragmentary right dentary with M3 and partial M2 
CORYPHODON sp. indet. 
Referred Specimens — UCM 54145 Px, UCM 91141 right P1, UCM 94067 distal femur 
fragment 
Stratigraphic range at Raven Ridge — From 202m to 48m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5) to Wa7), Utah 
Localities — UCM localities 85262, 86145, and 87028 
Description — The specimens are all referred to the genus Coryphodon based on their 
large size, which is considerably larger than any other taxa known from early Eocene 
strata. Anterior premolars, however, are not diagnostic for any described species of 
Coryphodon (Uhen and Gingerich 1995), so the specimens from Raven Ridge are 
referred to Coryphodon sp. indet.. For more detailed descriptions of Coryphodon, see 
Uhen and Gingerich (1995) and Lucas (1998). 
Discussion — Coryphodon is ubiquitous throughout the Wasatchian of North 
America, and is also found in many Clarkforkian faunas (Lucas 1998). The three 
specimens of Coryphodon from Raven Ridge were collected from localities that are 
Graybullian (Wa3-5), Lysitean (Wa6), and Lostcabinian (Wa7) in age, a time-span that is 
consistent with the occurrence of the genus at other Wasatchian localities throughout the 
Rocky Mountain Region. Guthrie (1967, 1971) described C. molestus from the Lysitean, 
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and C. cf. C. radians from the Lostcabinian of the Wind River Basin. Coryphodon sp. is 
also recorded from the Lostcabinian of the Wapiti Valley fauna in the Bighorn Basin 
(Gunnell et al. 1992), the Sandcoulean and Graybullian of the ‘Debeque’ Formation in 
the Piceance Creek Basin (Burger 2009, Kihm 1984), and the Lostcabinian and possibly 
Gardnerbuttean of the Huerfano Park Formation (Robinson 1966). The only Wa-Br fauna 
that has not produced Coryphodon specimens is from South Pass in the Green River 
Basin (Gunnell and Bartels 2001b), a situation that may be related to the proximity of this 
fauna to the basin margin, as opposed to a lowland area in the center of the basin. 
The paucity of Coryphodon specimens from Raven Ridge is probably due in part to the 
collection bias towards small specimens that follows from collecting the majority of 
specimens from anthills. 
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Order PERISSODACTYLA Owen (1848) 
Family EQUIDAE Gray (1821)  
The current consensus among early Eocene equid researchers is that European 
and North American early Eocene equids represent a paraphyletic group, and thus should 
be taxonomically differentiated at the generic level (Froelich 2002, Hooker 1989, 1994, 
Prothero and Schoch 1989). To this end, European species are placed in the genus 
Hyracotherium while North American species are placed in the genus Eohippus (Hooker 
1989, 1994, Prothero and Schoch 1989) or numerous new genera (Froelich 2002). 
The taxonomic history of North American early Eocene equids was most recently 
reviewed by Froelich (2002) who provided an excellent summary of relevant specimens 
and species in North America. The taxonomy suggested by Froehlich’s (2002) systematic 
analysis, however, has yet to be embraced by the paleontological community at large. 
This hesitancy may be due in part to both the weak support for several of the branches 
that Froelich (2002) used to guide his taxonomic assignments, and to a lack of 
autapomorphic characteristics for several newly diagnosed taxa (e.g. Arenahippus 
grangeri, A. aemulor and A. pernix). These three taxa are essentially diagnosed by the 
lack of synapomorphies found further up the phylogenetic tree and yet are included as 
consecutive sister taxa, and hence are a paraphyletic genus, to a series of equids including 
various species of Xenicohippus, Orohippus, and Protorohippus (Froelich 2002). While it 
is recognized here that the current taxonomic diagnoses of Eocene equids are imperfect, 
the taxonomic approach endorsed by Froelich (2002) of renaming taxa based on their 
relationships within a phylogenetic tree seems extreme. As each phylogenetic tree is itself 
a hypothesis, every new tree topology would require a new taxonomic arrangement 
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which could lead to so many new names as to make the literature an impassable blockade 
for non-equid-experts as opposed to a readily usable tool. Restructuring Eocene equid 
taxonomy is beyond the scope of this study, but I recognize that such a restructuring is 
badly needed and Froelich (2002) provides a useful set of hypothetical relationships that 
can be tested by future researchers. 
One of the difficulties with early Eocene equid taxonomy is that the general 
morphology of the cheek teeth is conservative throughout the Wasatchian in the Rocky 
Mountain basins (Froelich 2002, Gingerich 1991). The details of morphology used for 
taxonomic differentiation are extremely plastic within basins and even localities, so there 
are very few characters that unequivocally diagnose individual taxa (Froelich 2002, 
Gingerich 1991, Kitts 1956, 1957). This nebulous taxonomic situation is compounded at 
Raven Ridge by the fact that all of the specimens are isolated teeth, whereas the 
taxonomic diagnoses, as problematic as they are, are based upon considerably more 
complete material. Even tooth size is of little use for isolated specimens given that the 
early Eocene equids in the Rocky Mountain region show a continuum of size from the 
very small (E. sandrae) to the moderately large (E. cristatum and E. tapirinum), with few 
obvious breaks in morphospace (Gingerich 1991). 
 While Froelich (2002) provided the most complete list of characters and 
specimens currently available, none of the characters provided allow for specific 
diagnoses of isolated teeth. As none of the nodes higher up on Froelich’s (2002) tree are 
named, the lowest taxonomic rank that can be assigned to isolated teeth using his guide is 
Equidae. I feel a more appropriate measure would be to refer the early Eocene equids 
from Raven Ridge to the genus Eohippus but avoid species-level designations. I place the 
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Wasatchian equids from Raven Ridge into two taxonomic groups: the largest specimens 
into Eohippus ‘large’, and all of the smaller specimens into Eohippus ‘small’. This was 
done by plotting tooth (LxW) and looking for natural breaks in the data (see Fig. 17). 
This process was followed for each tooth position. 
 
 
Figure 17: Plot of Eohippus P4 (Lvs.W) for specimens from Raven Ridge. Ellipses are 
draw around the two taxonomic groups, and all measurements are in millimeters. 
 
 
EOHIPPUS Marsh (1876a) 
Type Species — Eohippus angustidens Cope (1875b) 
Holotype — USNM 1079, left M1-3 from the Eocene San Jose Formation of New Mexico 
EOHIPPUS ‘small’ 
Referred Specimens — 274 isolated teeth including nine P2s, 14 P3s, 47 Mxs, 26 M3s, 
three P2s, 16 P3s, 41 P4s, nine M1s, 32 M2s, and 58 M3s 
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Stratigraphic range at Raven Ridge — From 202m below to 493m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1a, Colorado and 
Utah 
Localities — UCM localities 85262, 85263, 86057, 86140, 86142, 86143, 86144, 86145, 
86146, 86152, 86153, 86154, 86155, 86158, 86159, 87030, 87033, 87035, 87038, 87128, 
87129, 87133, 87147, 87149, 90162, 90169, and 90170 
Description — An adequate generalized description of the tooth morphology of the genus 
is provided by Kitts (1956), who provided the most recent generic revision of the taxon, 
although numerous more recent studies have addressed taxonomic and phylogenetic 
issues at the species level (Froelich 2002, Gingerich 1981, 1991, Hooker 1989, 1994, 
MacFadden 1986). Others (Gingerich 1991, Kitts 1956) have noted that Eohippus M1s 
and M2s are morphologically virtually identical with the only difference being that the 
latter tends to be slightly larger. This comparative approach is obviously not suitable 
when dealing with isolated teeth, so both lower M1s and M2s have been grouped together 
and referred to as ‘Mxs’. Measurements for relevant specimens are in Table 23. 
Discussion — Eohippus ‘small’ is by far the most abundant perissodactyl at Raven 
Ridge. Various small to medium-sized Eohippus species were common throughout the 
Wasatchian in all of the basins of the Rocky Mountain region, and the relatively 
conservative morphology of the cheek teeth result in this taxon being biostratigraphically 
uninformative for differentiating Wasatchian biochrons. The majority of Eohippus 
‘small’ specimens were collected from channel lags in the large exposure of Colton 
Formation at the Cliffs area of Raven Ridge. This narrow stratigraphic and geographic 
distribution is likely a result of sampling bias towards smaller specimens at the majority 
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of the other fossil localities, and not an indication of the true temporal and geographic 
distribution of the taxon at Raven Ridge. 
Gingerich (1974b, 1991) estimated that molars of mammalian species usually 
occupy only ~0.4 units on a Ln(L x W) scale. Figure 18 shows Ln(L x W) values for 
Raven Ridge Mx specimens versus stratigraphic level in the section. The distribution 
spans 0.78 units, which suggests that two species may be present, based upon the size 
range of Mxs identified here as Eohippus ‘small’. The taxa that fit the size parameters of 
the Raven Ridge specimens are E. index, E. pernix, E. aemulor, and E. grangeri 
(Gingerich 1991). Eohippus sandrae (Gingerich 1991) is smaller than any of the Raven 
Ridge specimens biostratigraphically restricted to the Wa0 biochron. The variation in size 
among Raven Ridge Eohippus ‘small’ specimens does not appear to be related to 
stratigraphic position (i.e., there is no evidence of directional change in size as is seen in 
specimens from the Bighorn Basin immediately following the Paleocene-Eocene Thermal 
Maximum (Gingerich 2003)). In addition to the possible presence of several ‘small’ 
Eohippus species, some of the variation in the Eohippus ‘small’ sample from Raven 
Ridge can no doubt be explained by the inability to differentiate between M1s and the 
slightly larger M2s. Gingerich (1981) also noted that sexual dimorphism in Eohippus may 
contribute to difficulties in species diagnoses. 
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Ln(LxW) for Eohippus  'small' Mx vs. stratigraphic occurrence 
(m) at Raven Ridge
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Figure 18: Plot of the natural log (Ln) of (LxW) for lower first and second molars (Mx) 
of Eohippus ‘small’ versus stratigraphic level (m) at Raven Ridge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 175
  n Min. Max.  Mean DEV2 VAR STDEV 
P2 Length 9 3.80 5.80 5.05 2.51 0.31 0.56 
 Width 9 1.80 3.26 2.58 1.61 0.20 0.45 
P3 Length 14 5.12 6.67 5.80 2.87 0.22 0.47 
 Width 14 3.17 4.14 3.64 0.99 0.08 0.28 
P4 Length 19 5.36 6.72 6.08 2.52 0.14 0.37 
 Width 19 3.19 4.55 4.00 2.26 0.13 0.35 
Mx Length 47 5.49 8.76 7.28 32.69 0.71 0.84 
 Width 47 3.72 6.16 5.00 17.50 0.38 0.62 
M3 Length 25 8.71 12.40 10.30 21.14 0.88 0.94 
 Width 26 4.37 6.60 5.23 9.07 0.36 0.60 
P2 Length 3 5.21 6.35 5.66 0.73 0.37 0.60 
 Width 3 3.33 4.37 3.69 0.69 0.35 0.59 
P3 Length 16 5.35 6.19 5.74 0.86 0.06 0.24 
 Width 16 5.73 7.24 6.23 2.99 0.20 0.45 
P4 Length 41 5.02 7.17 6.19 9.09 0.23 0.48 
 Width 40 5.86 8.14 7.10 12.62 0.32 0.57 
M1 Length 9 6.07 7.70 7.01 2.11 0.26 0.51 
 Width 9 7.67 8.64 8.13 0.91 0.11 0.34 
M2 Length 32 6.06 8.36 7.32 9.73 0.31 0.56 
 Width 32 7.51 9.72 8.69 11.07 0.36 0.60 
M3 Length 58 6.65 8.41 7.36 11.84 0.21 0.46 
 Width 58 7.71 9.84 8.53 14.02 0.25 0.50 
 
Table 23: Measurements for Eohippus ‘small’ specimens from Raven Ridge. 
 
 
EOHIPPUS ‘large’ 
Referred Specimens — UCM 92998 right P4, UCM 50947 right M2, UCM 93023 right 
M2, UCM 60171 left M3, UCM 50951 partial left M3, UCM 92975 right M3, UCM 50950 
right M3, UCM 95026 partial right M3, UCM 93011 left P3, UCM 50890 right P3 
Stratigraphic range at Raven Ridge — From 121m to 85m below the Goniobasis layer, 
Colton Formation (Graybullian (Wa3-5) to Wa6), Utah  
Localities — UCM localities 85263, 86145, 86146, and 87035 
Description — The Eohippus ‘large’ specimens are morphologically identical to the 
Eohippus ‘small’ specimens but are ~17-30 percent larger in linear dimensions (see Table 
24). 
 176
Discussion —Eohippus ‘large’ is found at only a few Wa6 and Wa7-aged localities in the 
Cliffs area of Raven Ridge. As with Eohippus ‘small’, the restricted distribution of 
Eohippus ‘large’ is likely due to a collecting bias towards small taxa at the majority of 
Raven Ridge localities, and is probably not an indication of the true temporal and 
geographic distribution of the taxon during the Wasatchian. Eohippus ‘large’ specimens 
from Raven Ridge are consistent in size and biostratigraphic occurrence with middle 
(Wa6) and late (Wa7) Wasatchian E. tapirinum, E. vasacciense, and E. cristatum from 
the San Juan, Wind River and Huerfano Basins (Gingerich 1981, 1991, Guthrie 1967, 
1971, Robinson 1966). 
 
  n Min. Max.  Mean DEV2 VAR STDEV 
P4 Length 1 7.69      
 Width 1 4.94      
P3 Length 2 6.57 6.82 6.70 0.03 0.03 0.18 
 Width 2 6.89 8.03 7.46 0.65 0.65 0.81 
M2 Length 2 8.74 9.07 8.91 0.05 0.05 0.23 
 Width 2 9.92 10.88 10.40 0.46 0.46 0.68 
M3 Length 4 8.35 10.64 9.62 2.80 0.93 0.97 
 Width 4 10.02 12.18 11.12 2.55 0.85 0.92 
 
Table 24: Measurements for Eohippus ‘Large’ specimens from Raven Ridge. 
 
 
Family ISECTOLOPHIDAE Peterson (1919)  
HOMOGALAX Hay (1899) 
Type Species — Homogalax protapirinus Wortman (1896) 
Holotype — AMNH 4460, a right maxilla with P1-M3 and right and left mandibles with 
P2-M3 
HOMOGALAX PROTAPIRINUS Wortman (1896) 
Referred Specimens — UCM 92960, a right M3 
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Stratigraphic Occurrence at Raven Ridge —107m below the Goniobasis layer in the cliffs 
region at the north end of Raven Ridge, Colton Formation (Wa6), Utah 
Locality — UCM locality 86145 
Description —  Radinski (1963) provided an excellent description of H. protapirinus. As 
is characteristic of upper molars of H. protapirinus, the parastyle on UCM 92960 is well-
developed, and the paraconule and metaconule are almost completely incorporated into 
the protoloph and metaloph. The cingulum is continuous around the tooth with the 
exception of the base of the hypocone. Although Gingerich (1991) described a new, 
smaller species, H. aureus, it was based upon lower dentition. The similarities between 
UCM 92960 and other published specimens of H. protapirinus are enough for a specific 
diagnosis in this case. 
Discussion — Homogalax protapirinus occurs in mid-Wasatchian aged strata throughout 
the Rocky Mountain region (Clyde 2001, Gunnell et al. 2009, Robinson et al. 2004). The 
genus was thought to have a last appearance in the Lysitean (Wa6), but a recent study by 
Chew (2009) on the Willwood fauna of the Bighorn Basin indicates coeval Homogalax 
and Lambdotherium specimens of Lostcabinian (Wa7) age (a similar co-occurrence is 
found in the Wind River Basin; R. Stucky, pers. comm.). This range extension for 
Homogalax means that the co-occurrence of Homogalax and Heptodon can no longer be 
used to identify Wa6 faunas as in Clyde (2001). Instead, such localities (as seen at UCM 
86145 in the Cliffs area of Raven Ridge) can be either Wa6 or Wa7 in age. Given that the 
coeval H. calciculus and Homogalax protapirinus occur stratigraphically below the 
earliest occurrence of Lambdotherium, and they are not associated with any Wa7 or Br1a 
primates such as Omomys, Utahia, Shoshonius, Loveina, or any typical Graybullian 
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(Wa3-5) taxa such as Arctodontomys or Haplomylus, locality UCM 86145 is considered 
Wa6 in age. 
The UCM specimen of Homogalax protapirinus at Raven Ridge is the first 
occurrence of this genus and species from Utah. 
 
Superfamily TAPIROIDEA Gill (1872)   
HEPTODON Cope (1882e) 
Type Species — Heptodon calciculus Cope (1880a) 
Holotype — AMNH 4858, left and right mandibles with P3-M3 
HEPTODON CALCICULUS Cope (1880a) 
Referred Specimens — UCM 50952, a left M3, UCM 50953, a partial left Mx, UCM 
50954, right Mx, UCM 50955, right Mx, UCM 50956, right P4, UCM 50957, partial right 
Mx, UCM 50958, partial left Mx, UCM 50959, partial left M3, UCM 101401, left P4-M3 
partially articulated and fragmentary right Mx with associated enamel fragments, UCM 
101402, a dentary fragment with partial left M2. 
Stratigraphic range at Raven Ridge — From 110m to 60m below the Goniobasis layer, 
Colton Formation (Wa6), Utah 
Localities — UCM localities 86145, 86146, and 87033 
Description — The UCM specimens are referred to the genus Heptodon on the basis of 
the prominent parastyle, labial cingulum on the metacone, metaloph shorter than 
protoloph, and deep notch in the ectoloph of the upper molars, and the prominent, simple,  
protolophid and hypolophid of the lower molars. Heptodon calciculus was adequately 
described by Radinsky (1963) whose taxonomy is followed here. All specimens from 
Raven Ridge are assigned to H. calciculus as opposed to H. posticus based on their 
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relatively small size (see Table 25), the only distinguishing characteristic between the 
two taxa (Radinsky 1963). 
Discussion — Heptodon calciculus is the most common tapiroid found in the Wind River 
Basin during the Wa6-B1a interval (R. Stucky, pers. comm.), and Robinson (1966) 
tentatively identified several Heptodon specimens from Wa7 sediments of the Huerfano 
Formation. The larger species, Heptodon posticus, is known from Wa7 strata in the 
Wapiti Valley fauna (Gunnell et al. 1992) and the Lostcabin Member in the Wind River 
Basin (Guthrie 1971). To date, no specimens of Heptodon have been documented from 
Wa-Br interval in the  South Pass field area in the Green River Basin, although the 
occasional specimen of the tapiroid Helaletes has been collected (Gunnell and Bartels 
2001b). The Raven Ridge specimens are the first record of Heptodon calciculus in both 
the Uinta Basin and the State of Utah. 
Heptodon was thought to have a first appearance during the Wa6 biochron 
(Robinson et al. 2004). However, Chew (2009) placed its first appearance in the latest 
Graybullian (Wa5) in the Willwood fauna of the Bighorn Basin. This range extension, in 
addition to the range extension for Homogalax suggested in the same study (Chew 2009), 
reduce the biostratigraphic utility of both Heptodon and Homogalax. However, as noted 
above in the discussion of Homogalax, the localities at Raven Ridge that produce 
Heptodon specimens are here assigned to the Wa6 biochron. 
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  n Min. Max.  Mean DEV2 VAR STDEV 
P4 Length 1 7.47      
 Width 1 5.24      
Mx Length 4 10.23 10.97 10.56 0.29 0.10 0.31 
 Width 4 6.47 7.25 6.90 0.31 0.10 0.32 
M2 Length 1 10.89      
 Width 1 12.66      
M3 Length 1 11.74      
 Width 2 12.51 13.13 12.82 0.19 0.19 0.44 
 
Table 25: Measurements for Heptodon calciculus specimens from Raven Ridge. 
 
 
Superfamily BRONTOTHERIIOIDEA Marsh (1873) 
LAMBDOTHERIUM Cope (1880a) 
Type Species — Lambdotherium popoagicum Cope (1880a) 
Holotype — AMNH 4863, left and right dentaries with right P2-3, M1-3 and left P4-M3 
LAMBDOTHERIUM POPOAGICUM Cope (1880a) 
Referred Specimens — UCM 80412 left M2, UCM 80413 left M1, UCM 70193a-b right 
P4-M1, UCM 70194a-c left P3-M1, UCM 70195 left M2, UCM 70196 right M2, UCM 
70197 right Mx, UCM 80414 right M3 
Stratigraphic range at Raven Ridge — From 36m to 28m below the Goniobasis layer, 
Colton and Green River Formations (Wa7), Colorado and Utah 
Localities — UCM localities 86149 and 86159 
Description —  An adequate description was published by Bonillas (1936). The 
Lambdotherium specimens from Raven Ridge do not provide any new morphological 
data and appear quite typical for the taxon in the low, flat shape of the paralophid and 
absence of a metacristid on the lower molars and the equal size of the protocone and 
hypocone on the upper molars (Paleosyops has an protocone that is inflated relative to the 
hypocone and a hypocone on M3 with a prominent pre-hypocone cristae (R. Stucky, pers. 
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comm.)) (Mihlbachler 2008, Wallace 1975). Measurements of specimens are presented in 
Table 26. 
Discussion — Lambdotherium is an index taxon for the Wa7 biochron (Robinson et al. 
2004), and thus its presence in the Cliffs section of Raven Ridge is an excellent 
chronologic marker. Lambdotherium popoagicum is a relatively common component of 
Wa7 faunas associated with the Huerfano (Robinson 1966), South Pass (Gunnell and 
Bartels 2001b), and Wind River (Stucky 1984a) Wa-Br sites, and is also recorded from 
numerous other Wa7 localities in North America (Mader 1998). In the past, there have 
been suggestions that Lambdotherium, a Wa7 index taxon, and Eotitanops borealis, a 
Br1a index taxon were coeval at some point (Gunnell and Yarborough 2000, Novacek et 
al. 1991, Osborn 1929, Smith and Holroyd 2003), however, this idea has recently been 
systematically refuted (Gunnell et al. 2009), with the exception of several specimens 
referred to cf. Eotitanops from indeterminate Wasatchian strata of Ellesmere Island 
(Eberle 2006). While the arctic material does not negate the utility of E. borealis as a 
Br1a index taxon, it indicates that the stratigraphic ranges of the genus Eotitanops and 
Lambdotherium may overlap in the latest Wasatchian. 
 As with Eohippus, Heptodon, and Homogalax, the restricted stratigraphic 
occurrence of Lambdotherium to just two localities at Raven Ridge is probably a result of 
sampling bias towards smaller taxa, as other large-bodied taxa such as the pantodont 
Coryphodon also are rare in the section. Given the potential sampling bias, (both 
Lambdotherium localities were surface collected as opposed to found on anthills like the 
majority of specimens from Raven Ridge) the lowest occurrence of Lambdotherium at 
Raven Ridge should probably be treated as the latest possible start to the Wa7 biochron, 
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and the highest occurrence of the taxon should be treated as the earliest possible end to 
the Wa7 biochron. 
 The Lambdotherium specimens from Raven Ridge are the first record of the genus 
from the Uinta Basin, and the specimens from the Cliffs area are the first record of the 
taxon in the State of Utah. 
 
  n Min. Max.  Mean DEV2 VAR STDEV 
Mx Length 1 13.33      
 Width 1 9.47      
P3 Length 1 8.85      
 Width 1 10.26      
P4 Length 2 8.84 9.20 9.02 0.06 0.06 0.25 
 Width 2 12.05 12.56 12.31 0.13 0.13 0.36 
M1 Length 3 11.26 12.55 12.05 0.96 0.48 0.69 
 Width 3 13.72 14.88 14.16 0.80 0.40 0.63 
M2 Length 3 11.99 13.12 12.67 0.72 0.36 0.60 
 Width 3 14.95 17.12 16.20 2.51 1.26 1.12 
M3 Length 1 18.29      
 Width 1 13.38      
 
Table 26: Measurements for Lambdotherium popoagicum specimens from Raven Ridge. 
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Order ARTIODACTYLA (Owen 1848) 
Family INCERTAE SEDIS 
DIACODEXIS (Cope 1882e) 
Diacodexis sp. indet. 
Type Species — Diacodexis secans Cope (1881d) (=Pantolestes secans) 
Holotype — AMNH 4899, right and left mandibular fragments with P4-M3 from the 
Wind River Basin, Wyoming 
Referred Specimens — There are 141 Diacodexis specimens from Raven Ridge 
comprising: three P3s, seven P4s, 43 Mxs, 30 M3s, one P2, four P3s, 17 P4s, 21 Mxs, and 15 
M3s 
Stratigraphic range at Raven Ridge — 202m below through 569m above the Goniobasis 
layer, Colton and Green River Formations (Graybullian (Wa3-5) to Br1a), Colorado and 
Utah 
Localities — UCM localities 85262, 85263, 85265, 86057, 86141, 86143, 86144, 86145, 
86146, 86150, 86152, 86155, 86161, 87031, 87036, 87123, 87129, 87130, 87131, 87133, 
87141, 87143, 87144, 87147, 90169, 90171, 90173, 91242, 91243, 92027, 92029, and 
92030 
Description — UCM specimens referred here to Diacodexis share similar morphologies 
to Diacodexis specimens from the Wind River Basin (Krishtalka and Stucky 1985): 
presence of the postmetacristid on lower cheek teeth, reduced paraconid and hypoconulid 
incorporated into the talonid rim on lower molars, triangular upper molars with centrally 
placed protocone, similarly sized paracone and metacone, and well developed paraconule 
and metaconule. The Raven Ridge specimens are slightly smaller than Diacodexis 
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specimens from the Wind River Basin (see discussion below). For a complete description 
of the dentition of Diacodexis and species diagnoses, see Krishtalka and Stucky (1985). 
Discussion — The most recent review of the taxonomic relationships of Diacodexis  
(Krishtalka and Stucky 1985) argued for recognition of four distinct species (D. secans, 
D. gracilis, D. minutus, and D. woltonensis) of which D. secans is subdivided into four 
separate ‘lineage segments’ designated using subspecies epithets. These sub-generic taxa 
are diagnosed using tooth size (width and length) and variation in morphological features, 
most importantly the presence and relative strength of the postmetacristid and talonid 
notch of lower molars and pseudohypocone of upper molars. Krishtalka and Stucky 
(1985) note that species level identification requires multiple teeth associated within a 
single specimen. For this reason all specimens assigned here to Diacodexis are not 
diagnosed below the level of genus. 
Diacodexis teeth from Raven Ridge are, on average, smaller than those found in 
the Wind River fauna (Krishtalka and Stucky, 1985; see Table 27). There is no evidence 
of any significant directional change in size throughout the stratigraphic section. This 
suggests the Raven Ridge Diacodexis assemblage was either smaller than that of the 
more Northern Wind River basin, or that a collection bias was exhibited towards smaller 
teeth found on anthills at Raven Ridge. 
 Previous work by Burke (1969) and Gunnell and Bartels (1999) noted the 
presence of Antiacodon, to which Krishtalka and Stucky (1984) added ‘diacodexine n. 
sp.’from the Powder Wash locality at Raven Ridge, but Diacodexis itself appears to be 
absent from the previously described Powder Wash fauna. This is somewhat curious 
given the presence of Diacodexis from stratigraphically equivalent Br1a localities (UCM 
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localities 92027 and 92030) only two kilometers to the northwest. Diacodexis ranges in 
age from early Wasatchian (Sandcoulean) through the early Bridgerian (Gardnerbuttean) 
(Stucky 1998). The stratigraphic distribution of Diacodexis at Raven Ridge is consistent 
with this age range, although the relative abundance of specimens decreases considerably 
post-Wa6. 
 
  n Min. Max Mean DEV2 VAR STDEV 
P3 Length 3 4.58 5.25 4.89 0.23 0.11 0.34 
 Width 3 1.93 2.63 2.37 0.30 0.15 0.39 
P4 Length 6 3.76 4.52 4.28 2.17 0.14 0.28 
 Width 6 2.02 2.24 2.12 0.04 0.01 0.09 
M1 Length 18 3.55 4.20 3.85 0.39 0.02 0.15 
 Width 18 2.56 3.15 2.83 0.44 0.03 0.16 
M2 Length 5 3.88 4.36 4.07 0.16 0.04 0.20 
 Width 5 3.36 3.64 3.45 0.05 0.01 0.11 
M3 Length 28 4.14 5.86 4.93 4.60 0.16 0.41 
 Width 28 2.09 3.63 3.05 2.79 0.10 0.32 
P3 Length 4 3.92 4.74 4.32 0.36 0.12 0.35 
 Width 4 2.58 3.35 2.89 0.34 0.11 0.34 
P4 Length 17 2.91 4.22 3.43 2.17 0.14 0.37 
 Width 17 3.60 4.63 4.20 1.45 0.09 0.30 
Mx Length 21 3.43 5.24 4.04 3.03 0.14 0.38 
 Width 21 4.47 6.61 5.27 5.60 0.27 0.52 
M3 Length 13 3.28 4.19 3.66 0.87 0.06 0.25 
 Width 13 4.57 5.40 4.99 0.89 0.06 0.25 
 
Table 27: Measurements of premolars and molars of Diacodexis from Raven Ridge. 
 
 
BUNOPHORUS Sinclair (1914) 
Type Species — Bunophorus etsagicus Cope (1882e) (= Mioclaenus etsagicus) 
Holotype — AMNH 4395, right M1-2 from the Willwood Formation of the Bighorn 
Basin, Wyoming 
BUNOPHORUS sp. cf. BUNOPHORUS MACROPTERNUS Cope (1882e) 
Referred Specimen —UCM 84317, a partial right M1 
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Stratigraphic occurrence at Raven Ridge — 61m below the Goniobasis layer in the Cliffs 
area of Raven Ridge, Colton Formation (Wa6), Utah 
Locality — UCM locality 86144 
Description — An excellent description of the genus Bunophorus and B. macropternus is 
provided by Stucky and Krishtalka (1990). The Raven Ridge B. cf. macropternus 
specimen is the same size as m1s of B. macropternus from Wa6 horizons of the Lysite 
Member in the Wind River Basin, the Willwood Formation of the Bighorn Basin, and the 
Wasatch Formation in the Green River Basin (Guthrie 1967, Stucky and Krishtalka 
1990). The Raven Ridge specimen shows a weakly developed cristid obliqua, whereas 
Stucky and Krishtalka noted that B. macropternus has a ‘distinct cristid obliqua’ (Stucky 
and Krishtalka 1990, p. 153), hence the UCM specimen is only tentatively identified to 
this species. 
Discussion — The stratigraphic occurrence of the Bunophorus specimen from Raven 
Ridge is consistent with occurrences in the Wind River, Bighorn, and Green River basins 
(Guthrie 1967, 1971, Stucky and Krishtalka 1990). Bunophorus macropternus appears to 
be restricted to Lysitean-aged deposits in the Rocky Mountain region (Guthrie 1971, 
Stucky and Krishtalka 1990); however, the taxon is not an abundant member of any 
known fauna, thus limiting its utility as an index fossil. 
 Other species of Bunophorus (B. etsagicus and B. sinclairi) are relatively 
common components of Lostcabinian (Wa7) faunas in the Wind River Basin, but are not 
found at Raven Ridge, possibly due to their teeth being too large to be collected by ants 
and consequently unlikely to appear on an anthill. Bunophorus etsagicus and B. sinclairi 
are larger than B. macropternus, which is probably already too large for ants to collect. 
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The Cliffs area at the northern end of Raven Ridge is the source of most of the larger 
specimens in the fauna due in large part to the concentration of fossils in abundant 
channel lag deposits in the Colton Formation. 
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CHAPTER FOUR 
 
SEDIMENT GEOCHEMISTRY 
In this chapter I describe my use of carbon isotope data obtained via Total 
Organic Carbon (TOC) analyses of sediments from Raven Ridge for both local and 
global chemostratigraphic correlation and discuss the implications of these correlations 
for the stratigraphic occurrence of the EECO at Raven Ridge. 
 
TOTAL ORGANIC CARBON (TOC) 
Purpose of Study 
Total Organic Carbon analyses were used at Raven Ridge for multiple purposes. 
First, TOC was used as a local chemostratigraphic tool to test lithologic correlations 
between measured geologic sections separated by up to 7km (see Plate 2b). Secondly, 
TOC data were correlated with a carbon isotope curve derived from bulk organic carbon 
of marine sediments (Katz et al. 2005) that was dated using the geomagnetic polarity 
timescale (Berggren et al. 1995), which, in conjunction with the biostratigraphic data 
from Chapters 3 and 4, acted as an independent test of biochron and biozone boundary 
ages suggested by Smith et al. (2008). Lastly, the Katz et al. (2005) marine bulk organic 
carbon curve, which has very little in the way of associated oxygen isotope data (original 
data from Shackleton and Hall 1984), was correlated with the marine carbon data of 
Kennett and Stott (1990). The Kennett and Stott (1990) dataset includes carbon and 
oxygen data from benthic foraminifera, and thus provides temporally synchronous carbon 
and oxygen curves, the latter of which serves as a proxy for sea surface temperature and 
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therefore climate (Zachos et al. 2001). The correlation of the two marine datasets (Katz et 
al. 2005, Kennett and Stott 1990) provides a climatic record that is temporally 
constrained by paleomagnetic data (Berggren et al. 1995), and can be correlated with the 
continental TOC dataset from Raven Ridge. This series of chemostratigraphic 
correlations allowed for the faunal changes at Raven Ridge throughout the Wasatchian 
and Bridgerian to be analyzed with respect to fluctuations in global climate during the 
EECO. 
  
Isotope Fractionation Terminology 
 Carbon isotope values are discussed in terms of δ13C values. The equation for 
calculating δ13C is as follows:   
δ13C= (Rspl – Rstd / Rstd) x 103‰ 
where Rspl = 13C / 12C in the sample, and Rstd is 13C / 12C in the standard. 
 
Previous Studies: Pedogenic Carbon 
Stable carbon isotopes derived from terrestrial sediments, usually in the form of 
carbonate glaebules, have been used in numerous studies to investigate paleoclimate and 
carbon cycle fluctuations in early and middle Eocene terrestrial settings (Carvajal-Ortiz et 
al. 2009, Clyde et al. 2001, Cojan et al. 2000, Koch et al. 2003, Koch et al. 1995, 
Magioncalda et al. 2004, Smith et al. 2007). These studies found a large negative carbon 
isotope excursion (CIE) associated with the Paleocene-Eocene Thermal Maximum 
(PETM), which has been correlated to marine carbon isotope curves generated from 
analyses of planktonic and benthic foraminifera (Cojan et al. 2000, Kennett and Stott 
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1991, Rohl et al. 2000, Zachos et al. 2008, Zachos et al. 2001). These and other studies 
have demonstrated that large-scale perturbations in the global carbon cycle can serve as 
temporal markers for chemostratigraphic correlation.  
Several studies using marine datasets have demonstrated the presence of a 
negative carbon excursion during the EECO of similar amplitude, but much longer 
duration, to the CIE (Carvajal-Ortiz et al. 2009, Katz et al. 2005, Koch et al. 2003, 
Zachos et al. 2008, Zachos et al. 2001). However, although several continental studies 
have produced pedogenic carbon data from late-early and early-middle Eocene strata 
associated with biostratigraphically informative fossil mammal assemblages (Clyde et al. 
2001, Koch et al. 2003), the full extent of this EECO carbon excursion has yet to be 
correlated with North American Land Mammal ‘Ages’ (NALMA). One of the goals of 
this study is to correlate the late Wasatchian (Wa6-7, Lysitean-Lostcabinian) and early 
Bridgerian (Br1a, Br1b, and Br2; Gardnerbuttean and Blacksforkian) biochrons and 
biozones with fluctuations in atmospheric CO2. 
 Much of the known Eocene North American continental carbon record has been 
reconstructed using analyses of carbonate glaebules (Koch et al. 2003, Koch et al. 1995). 
It has been demonstrated in previous studies, however, that TOC from bulk organic 
matter preserved in sediments can also accurately record fluctuations in atmospheric 
carbon isotope ratios (Burger 2009, Carvajal-Ortiz et al. 2009, Magioncalda et al. 2004, 
Wing et al. 2005). These studies established that TOC can reliably replicate carbon 
signatures found using pedogenic carbonate glaebules and that it can be successfully 
correlated with marine carbon isotope curves, thus making TOC a useful analytical 
technique in settings such as Raven Ridge that lack carbonate glaebules. 
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 Because TOC samples bulk organic carbon, and plant material makes up the bulk 
of biomass in most ecosystems, expected δ13C values from TOC analyses are dependent 
primarily upon the plants in the sampled ecosystem, in particular their photosynthetic 
pathways (i.e., Calvin Cycle (C3 plants), Hatch-Sack process (C4 plants), or 
Crassulacean Acid Metabolism (CAM plants)). The δ13C value of plant tissue is directly 
related to the atmospheric δ13C value and the metabolic pathway used during 
photosynthesis, with each pathway resulting in different ranges of δ13C values via 
metabolic fractionation (C3 plants: -23‰ to -34‰ with a mean of -27‰, C4 plants: -6‰ 
to -23‰ with a mean of -13‰, and the relatively rare CAM plants: -11‰ to -33‰)(Faure 
and Mensing 2005). The metabolic fractionation by plants should remain relatively 
constant through time, meaning any fluctuations in δ13C values observed in TOC results 
should be indicative of changes in atmospheric carbon δ13C values. 
 While C4 grasses were present in North America during the Eocene (Bremer 
2002, Crepet and Feldman 1991), they remained a minor component of the landscape 
until their expansion during the late Oligocene and Miocene (Stromberg 2005). This 
allows Eocene ecosystems such as Raven Ridge to be treated as essentially C3 dominated 
systems (Secord et al. 2008), and thus expected δ13C values for this study are in the -23‰ 
to -34‰ range and can be used to track fluctuations in δ13C values of atmospheric 
carbon.  
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METHODS 
Sediment Collection 
Sediment samples ranging from ~100-500g were collected along measured 
geologic sections (see Chapter 2, Plate 1, and Appendix I), at intervals of no more than 
six meters where possible. There are, however, large areas of Raven Ridge which do not 
allow for sampling because the relevant sediments are covered by alluvium. Samples 
collected from mudstones were taken from a minimum of 30cm below the surface, 
although some came from as deep as 1m. The deciding factor on depth of sample was the 
absence of modern root traces. Samples from sandstones and limestones were taken from 
outcrop by breaking off pieces with a rock hammer until a sample with no weathered 
surfaces was found. Sediment samples were stored in sealed Ziploc bags and labeled with 
a field number and collection date. 
 
Sediment Preparation 
Methods of sediment preparation were modified from Magioncalda et al. (2004). 
Sediment samples were visually examined for evidence of modern organics which, if 
found, were removed. Roughly 30g of sample (enough to fill the 2cm x 2cm x 4.5cm 
transparent plastic boxes used for sample storage) was crushed into a powder using a 
mortar and pestle which were rinsed in water and dried between samples.  Powdered 
samples were placed in 120mL polypropylene containers, which were then placed in a 
fume hood, drowned in 10%HCl, and agitated by hand to ensure complete mixing. 
Samples were left under the fume hood for several days in order to let the sediments 
settle out; the waste HCl was then poured out, and new 10%HCl added. This process was 
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repeated until the sediment samples no longer effervesced upon addition of fresh acid, 
indicating that all CaCO3 had been removed. Finally, the samples were left to air-dry for 
a week in the fume hood, powdered again using the mortar and pestle, and stored in 
labeled plastic sample boxes. 
 
Sediment Analysis 
I analyzed sediment samples from four geologic sections at Raven Ridge 
(portions of sections 1, 2, 3 and 5; see Chapter 2 and Plate 1). Samples were weighed out 
on a Mettler Toledo XP26 Micro-analytical balance, accurate to ±2 micrograms, in tin 
capsules. Each tin capsule represented a single run, with multiple runs (four to eight, 
depending upon sample variance) being performed for each sample. The final δ13C value 
assigned to each sample is an average of several δ13C values from different runs. Sample 
mass varied from ~600–20,000μg depending upon carbon content. Samples were 
combusted at 1050oC in a Eurovector 3000 elemental analyzer interfaced in continuous 
flow mode with a GV Instruments IsoPrime stable isotope ratio mass spectrometer at 
John Humphrey’s Colorado School of Mines Stable Isotope Laboratory. The carrier gas 
was He, and ANU Sucrose was used for calibration. Repeated analysis of laboratory 
standards yielded a precision of 0.35‰ for organic carbon (J. Humphrey, pers. comm.).  
 
RESULTS 
Isotope Curves 
Section 1: The mean δ13C value for section 1 is -25.60‰ with the maximum 
being -22.14‰ and the minimum -30.06‰ (Fig. 19). The 21 samples from Section 1 
 194
show a negative carbon excursion between Raven and Squaw Ridges with δ13C values of 
-22.80‰ (-13.8m, just below the crest of Raven Ridge) and -22.75‰ (213m, the crest of 
Squaw Ridge) bracketing a minimum of -30.06‰ (48m, roughly ¼ of the way between 
the two ridges). The δ13C values during the negative excursion do not remain constant, 
but instead show a small increase to a maximum of -25.48‰ at a stratigraphic level of 
112m before decreasing again towards the crest of Squaw Ridge. There is a large amount 
of variation in δ13C values at the base of section 1 near the Colton-Green River 
formational contact, a pattern that is also seen in stratigraphically equivalent portions of 
sections 2 and 3. 
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Figure 19: Graph showing δ13C values of TOC samples versus stratigraphic location 
from Section 1. The negative carbon excursion is indicated by the red brackets. 
 
Section 2: This section is the largest set of samples (124) at Raven Ridge. The 
δ13C values throughout the section vary from a maximum of -19.68‰ to a minimum of -
30.20‰, with a mean of -24.83‰ (Fig. 20). Once again, there is variation among the 
δ13C values from samples collected near the base of the section (below the crest of Raven 
Ridge). These samples have an average δ13C value of -23.47‰ (-188m to 31m).  
The data from section 2 show a negative carbon isotope excursion roughly 
bounded by the crests of Raven and Squaw Ridges. In this case, the base of the excursion 
has a δ13C value of -21.87‰ (31m, just above the crest of Raven Ridge), and the top of 
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the excursion has a δ13C value of -23.92‰ (308m, just below the crest of Squaw Ridge) 
with the minimum value in the excursion of -29.67‰ (290m). Once again, there is some 
oscillation within the negative excursion with δ13C values as high as -23.47‰ (236m). 
The average δ13C value of the negative excursion (between 31m and 308m) is -26.07‰. 
The upper bound of the negative carbon excursion trends into a more positive 
carbon excursion in the sediments near the base of Squaw Ridge. Between 308m and 
463m there are 28 sediment samples with δ13C values above -25.00‰, with an average 
δ13C value of -22.91‰ and reaching a maximum of -20.51‰ (413m). The samples near 
the top of the positive excursion show a high degree of variability among δ13C values, 
making the top of the excursion difficult to pinpoint. 
The samples from 463m through the top of section 2 have an average value of -
25.79‰ with a minimum of -30.20 (520m) and a maximum of -20.81‰ (452m). 
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Figure 20: Graph showing δ13C values of TOC samples versus stratigraphic location 
from Section 2. The negative and positive excursions are indicated with red brackets. 
 
Section 3: This section has the fewest samples (15) and is of the least use for 
chemostratigraphy. The samples have a minimum δ13C value of -28.71‰ at a 
stratigraphic level of 26.5m above the Goniobasis layer, a maximum value of -20.17‰ 
(10.9m), and an average value of -24.29‰ (Fig. 21). The variability among neighboring 
values increases with proximity to the Goniobasis layer, a pattern also observed in 
lithologically correlated samples in sections 1 and 2. 
Positive 
Excursion 
Negative 
Excursion 
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Figure 21: Graph showing δ13C values of TOC samples versus stratigraphic location 
from Section 3. 
 
Section 5: The 37 samples from Section 5 show a minimum δ13C value of -
30.06‰ (422m), a maximum of -21.50‰ (530m) and an average of -25.23‰ (Fig. 22). 
There is a high degree of variability amongst δ13C values from neighboring samples 
throughout the section, making the identification of positive or negative carbon excursion 
extremely difficult, if not impossible. At no point in section 5 do δ13C values increase to 
the same degree as seen in the positive excursion in section 2, although there are some 
very high values (-21.50‰ at 530m). Similarly, while there are some very low values (-
30.06‰ at 422m), there is no group of more than two closely associated low values that 
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could be classified as a negative excursion. The lack of a clear-cut carbon isotope 
excursion means that it is not possible to use chemostratigraphy to correlate section 5 
with any of the other Raven Ridge sections (although there are lithostratigraphic markers 
(see Chapter 2 and Plate 2A) that allow correlation of Section 5 to other measured 
sections along the ridge).  
The lack of chemostratigraphic markers such as the positive or negative isotope 
excursions observed in TOC data from sections 1 and 2 is somewhat puzzling. The 
lithologic and biostratigraphic correlations between section 5 and section 4 are quite 
clear-cut, so one would expect the same geochemical pattern to occur as well. Section 5 
was measured through the Hills area of Raven Ridge, which has relatively sparse 
outcrops and is heavily covered by vegetation and alluvium. It is possible that I did not 
dig deep enough when collecting samples and the muddled carbon data is a result of 
modern or more recent organic carbon being mixed in with the Eocene samples. One way 
to test this hypothesis would be to re-sample section 5 while collecting samples at closer 
intervals and digging deeper holes to find pristine sediment samples. This could prove 
very difficult given the depth of some modern root systems from desert-adapted plants.  
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Figure 22: Graph showing δ13C values of TOC samples versus stratigraphic location 
from Section 5. 
 
DISCUSSION 
Chemostratigraphy at Raven Ridge 
Most TOC data from Raven Ridge fall within the -23‰ to -34‰ δ13C value range 
of C3 plants (Faure and Mensing 2005), with only a few data points coming out with 
more positive values (between -23‰ and -19‰). The negative δ13C excursion located 
stratigraphically between the peaks of Raven and Squaw ridges can be correlated from 
Section 1 to Section 2, and the highly variable δ13C values found in Wa3-6 sediments can 
be traced from Section 1 through Section 2 and possibly into Section 3 (see Plate 2B). 
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The negative δ13C excursion covers a larger stratigraphic interval at Section 2 than it does 
in Section 1, which is consistent with the increased stratigraphic distance (i.e., thicker 
section) between the peaks of Raven and Squaw Ridges at Section 2 relative to Section 1. 
It is difficult to constrain the lower boundary of the negative δ13C excursion due to high 
variability in δ13C values and a paucity of samples. The variability in δ13C values is a 
feature often seen in TOC analyses (S. Wing, pers. comm., Magioncalda et al. 2004, 
Burger 2009), and is likely related to both sampling techniques and sediment reworking. 
The δ13C values of paleosol sediments such as those found in the Colton 
Formation can vary by as much as 2-3‰ depending upon soil depth and soil type (N. 
Sheldon, pers. comm., 2010)), which will contribute to δ13C variability near the base of 
the Raven Ridge sections that include sediments of the Colton Formation. Additionally, 
many of the sediments from both the Colton and the Green River Formations have 
extremely low organic carbon contents (see Appendix C). TOC values are determined by 
bulk sampling of organic carbon, so higher carbon content is desirable in order to 
minimize the possibility of outliers skewing a δ13C value. In order to minimize the effect 
of low carbon contents on δ13C values, multiple runs for each sediment sample were 
averaged for a final δ13C value. 
Reworking of sediment likely also played a role in the variability of the TOC data 
from Raven Ridge sediments. As noted in Chapter 3, there is evidence of reworked fossil 
specimens at Raven Ridge (Eaton et al. 1989). Taxa such as Plesiadapis and Ptilodus are 
common throughout the Paleocene of North America, but are not thought to survive to 
the Wa-Br boundary (Silcox and Gunnell 2008, Weil and Krause 2008). The presence of 
these taxa suggest that at least some of the source rocks for the Colton and Green River 
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strata were of Paleocene age, and thus could have carried Paleocene organic matter with 
them when they were eroded and re-deposited. The δ13C values of atmospheric carbon 
during a large part of the Paleocene were considerably more positive than anything seen 
during the Eocene (Katz et al. 2005, Kennett and Stott 1990, Shackleton and Hall 1984, 
Zachos et al. 2008, Zachos et al. 2001), so incorporation of organic carbon from this time 
interval may or could have skewed some of the δ13C values of sediments from Raven 
Ridge to more positive values. The acquisition of TOC data from sediments requires the 
assumption that organic matter at the time of sediment deposition will drown out any 
δ13C signal from reworked material, but this is more difficult to do when sample strata 
have very low carbon contents. TOC analyses tend to produce ‘noisy’ data, and the 
current study is consistent with results from other studies (Burger 2009, Magioncalda et 
al. 2004) in the amount of variability seen in the samples. However, the goals of this 
study require recognition of large excursions over long periods of time (and large 
stratigraphic sections), and thus the variability of the individual samples can be resolved 
into large-scale trends if sufficient samples are analyzed, as is the case here. 
When the TOC data is plotted alongside the biostratigraphic zonations proposed 
in Chapter 6, the relative age of some of the features of the δ13C curve can be determined 
(See Plate 2B). The onset of the negative carbon curve appears to start during the late 
Wa3-5 interval (probably Wa5) and continues through Wa6 and into Wa7. This sequence 
of correlations is most easily visible in Sections 1 and 2. The peak of the negative 
excursion occurs in late Wa7 time, near the estimated position of the Wa-Br boundary 
(see Section 2 on Plate 2B; the exact stratigraphic location of the Wa-Br boundary in 
Sections 1 and 2 is difficult to constrain due to a paucity of closely associated localities 
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located stratigraphically above the peak of Raven Ridge). The positive δ13C excursion 
seen in the Section 2 TOC data occurred during Bridgerian time based on correlation of 
lithology and fossil localities from further north along the Ridge (fossils from localities to 
the north of section 4 provide the southernmost relatively well-constrained occurrence of 
the Wa-Br boundary). It appears as though the peak of the positive excursion may have 
coincided with the Br1a-Br1b boundary, based on the age and stratigraphic location of 
the Powder Wash fossil assemblage (most likely Br1b in age (Gunnell and Bartels 
1999)).  
The TOC data from the stratigraphic sections at Raven Ridge is consistent with 
the lithological correlations proposed in Chapter 2 and the biostratigraphic zonations 
suggested in Chapter 6 (see Plate 2A and 2B). There is room for improvement of the 
chemostratigraphic-biostratigraphic correlations at Raven Ridge, specifically through 
comprehensive sediment sampling and TOC analysis at or near Sections 3 and 4 and the 
continued collection of fossils from new localities, but this study provides a solid 
lithostratigraphic, biostratigraphic, and chemostratigraphic framework upon which to 
base further research. 
 
Chemostratigraphic Correlation with Marine Data 
A recent stratigraphic study of the Green River Formation (Smith et al. 2008) 
recalibrated the ages of several NALMA, including the Wa-Br boundary, proposed in 
earlier studies (Clyde et al. 2001, Robinson et al. 2004). Smith et al.’s (2008) study was 
based primarily upon paleomagnetic correlation and ash-bed dating, correlated with 
biostratigraphy, throughout the Greater Green River, Piceance Creek, Uinta, and Bighorn 
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Basins. Most importantly for the current study, Smith et al. (2008) moved the 
Wasatchian–Bridgerian boundary from the base of Chron C23r, ~52.3Ma (Clyde et al. 
2001) to the upper part of Chron C23r, ~51.1Ma. Although paleomagnetic data and ash-
bed dates are not currently available for the Raven Ridge area, the combination of bio- 
and chemostratigraphic data from the fauna and TOC analyses provided an opportunity to 
test the dates proposed by Smith et al. (2008). In order to perform this test, however, it 
was necessary to determine the age of the Raven Ridge strata independent of 
biostratigraphy (using biostratigraphy to check biostratigraphic ages would be more than 
a little circular). For the purpose of this study, I used chemostratigraphic correlation with 
a marine carbon isotope dataset to establish temporal constraints for the Raven Ridge 
strata. 
No pedogenic carbon curves have been described from North American 
continental strata of appropriate age for comparison with the Wa–Br boundary section at 
Raven Ridge, so the TOC data was instead correlated with marine isotope data derived 
from early and middle Eocene bulk organic material (Katz et al. 2005). The relevant 
portion of the Katz et al. (2005) dataset is derived from a re-analysis of sediments 
collected by Shackelton and Hall (1984), with the difference that Katz et al. (2005) used 
an updated version of the geomagnetic polarity timescale (Berggren et al. 1995) to 
temporally constrain the data. The updated temporal constraints of the Katz et al. (2005) 
study make it ideal for comparison and correlation with the Raven Ridge data from the 
TOC analysis of Section 2.  
It should be noted at this point that while the marine δ13C values vary by only 
about 4‰ throughout the entirety of the dataset (see Plate 2C), the Raven Ridge TOC 
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data vary by more than 10‰ from the peak of the negative excursion to the peak of the 
positive excursion. This offset in the magnitude of carbon excursions has also been 
observed between continental and marine datasets capturing the CIE associated with the 
PETM in the Bighorn Basin (Koch et al. 2003, Magioncalda et al. 2004). As yet, no 
mechanism has been proposed to explain the difference in carbon excursion magnitude 
from continental to marine strata, but there is no doubt that the continental carbon record 
mirrors the marine record in terms of capturing major carbon cycle perturbations (Bowen 
et al. 2001, Koch et al. 2003). 
The marine δ13C data of Katz et al. (2005) shows the peak of a large negative 
carbon excursion (δ13C=1.02‰) at 52.35Ma, and the peak of a large positive carbon 
excursion (δ13C=2.69‰) at 48.77Ma (see Plate 2C). I have correlated these points with 
the estimated peaks of the negative (~180m above the Goniobasis layer) and positive 
(~400m above the Goniobasis layer) carbon excursions in the Raven Ridge TOC data 
from Section 2 (see Plate 2C). The estimated position of the Wa-Br boundary in Section 
2, based upon the occurrence of fossils at more northern localities, is around the 300m 
level, or almost halfway between the stratigraphic locations of the two carbon isotope 
peaks in Section 2 (Plate 2C). These estimations suggest the Wa-Br boundary is ~ 
50.56Ma ([52.35Ma – 48.77Ma] / 2 + 48.77Ma = 50.56Ma) at Raven Ridge, which is 
closer to the 51.1Ma estimate for the Wa-Br boundary of Smith et al. (2008) than the 
52.3Ma estimate of Clyde et al. (2001). 
The lack of absolute dates from sediments at Raven Ridge makes it difficult to 
estimate sedimentation rates during the Wa-Br transition. The difficulties pinpointing the 
onset and peak of the negative δ13C excursion in the TOC data from Section 2 at Raven 
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Ridge exacerbate this challenge because any identified peak will be dependent upon a 
single data point as opposed to the positive excursion which is identified by numerous 
data points. However, the Green River Formation has been shown to have a maximum 
thickness of almost 2,000m in the Uinta Basin deposited over the course of >10Ma 
(Castle 1990, Smith et al. 2008), so the 800m deposited over ~4Ma at Raven Ridge are 
roughly consistent with depositional rates elsewhere in the basin. 
The correlation between Section 2 at Raven Ridge and the marine datasets is not 
precise. The location of the peak of the negative carbon excursion at Raven Ridge is 
difficult to define given the current TOC dataset from Section 2, and its location may be 
more accurately constrained by future research that includes sampling of sediments at 
smaller intervals than were used for this study. Similarly, the lower constraint on the 
negative carbon excursion is difficult to localize given the paucity and variability of data 
points near the base of Section 2 caused by an abundance of vegetation cover. 
Additionally, the Wa-Br boundary can be more accurately constrained by continued fossil 
collection from the area surrounding Raven Ridge. 
  
Chemostratigraphic Correlation with a Marine Climate Proxy 
 Woodburne et al. (2009a, b) define the EECO as spanning roughly 53-50Ma, and 
being a period of extremely warm climate accompanied by paratropical forests and high 
Mean Annual Precipitation (MAP) in central North America. As with the continental 
record of the carbon-cycle during the Wa-Br transition, there is relatively little 
continental data providing direct climate proxies during the EECO. Paleobotanical Mean 
Annual Temperature (MAT) and Mean Annual Precipitation (MAP) estimates have been 
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provided for some intervals during the EECO by previous studies (Wilf 2000, Wilf et al. 
1998, Wing and Greenwood 1993), which suggest the MAT reached 23oC during the 
height of the EECO (Woodburne et al. 2009a, b). These same studies suggest MAP 
decreased during the EECO, with the climate shifting from relatively humid and sub-
tropical to more seasonally dry conditions (Woodburne et al. 2009a, b).  
Climatic conditions at Raven Ridge during the EECO cannot be determined 
through a direct proxy as there are no known paleobotanical remains in the area. In the 
absence of paleoclimate proxies from Raven Ridge, another means of determining the 
time of onset, peak, and decline of the EECO at Raven Ridge during the early to middle 
Eocene was required. This was accomplished using chemostratigraphic correlation of 
Raven Ridge TOC data with marine carbon and associated oxygen datasets. 
As previously mentioned, unlike the fractionation of 12C/13C, the fractionation of 
16O/18O is temperature dependent, and thus oxygen isotopes recovered from select marine 
organisms, such as some benthic foraminifera, are used to calculate the temperature of 
ocean water, which is in turn used as a proxy for global climate (Zachos et al. 2001). 
When oxygen isotope data is collected from foraminifera, carbon isotope data is collected 
at the same time resulting in the ability to construct contemporaneous oxygen and carbon 
isotope curves (e.g., Zachos et al. 2001) that can show perturbations in global climate and 
the global carbon-cycle respectively. Using this relationship it is possible to estimate 
global climatic conditions for any given segment of a carbon-cycle curve. 
As was described above, the Raven Ridge TOC data from Section 2 can be 
correlated to the marine bulk organic carbon dataset of Katz et al. (2005). While the Katz 
et al. (2005) dataset has very little associated oxygen data (bulk organic carbon, like TOC 
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sampling, does not provide oxygen data), it can be correlated with other carbon datasets 
derived from benthic foraminifera that do have associated oxygen isotope data. One such 
dataset is that of Kennett and Stott (1990). This dataset was collected from the benthic 
foraminiferan Cibicidoides from boreholes 689B and 690B from the Maud Rise off 
Antarctica (Kennett and Stott 1990), and captures the entirety of the EECO and its 
associated carbon isotope perturbations. By correlating the Katz et al. (2005) and Kennett 
and Stott (1990) carbon curves with the Raven Ridge TOC data from Section 2 it is also 
possible to correlate the oxygen isotope data from Kennett and Stott (1990) with the TOC 
data from Section 2, thereby estimating the duration of the EECO at Raven Ridge (see 
Plate 2C for the complete correlation). 
When the Kennett and Stott (1990) oxygen curve is correlated with the Katz et al. 
(2005) carbon data, which is temporally constrained using the geomagnetic polarity 
timescale of Berggren et al. (1995), the large negative δ18O excursion that defines the 
EECO spans roughly 53-49Ma (see Plate 2C). This estimation is about one million years 
longer than the previous estimation of EECO duration of Woodburne et al. (2009b), but 
some of the difference may be due to the relatively coarse resolution of this 
chemostratigraphic correlation. When the EECO from the Kennett and Stott (1990) 
dataset is correlated back to the TOC data from Section 2 at Raven Ridge, it appears as 
though the peak of the EECO global warm period correlates with the estimated 
stratigraphic position of the Wa-Br boundary at Raven Ridge (see Plate 2C). Using the 
correlations shown on Plate 2C, the onset of the EECO appears to have occurred during 
the Wa6 biochron, the peak, as noted above, near the Wa7-Br1a boundary, and the 
decline sometime in either the Br1b or Br2 biochrons (as noted in Chapter 6, 
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differentiating between these two biochrons is quite difficult given the available fossil 
taxa). Obviously, the ‘onset’ and ‘end’ of the EECO are somewhat subjective, so there 
will be some differences of opinion as to the exact start and end of such a large climatic 
event. 
When the timing of the EECO at Raven Ridge is compared with the faunal results 
from Chapter 6 of this study, several patterns are evident. First, there is no significant 
change in generic diversity among small mammals at Raven Ridge during the onset and 
peak of the EECO (see Figure 29 and discussion in Chapter 6). The decline of the EECO 
during the Blacksforkian (Br1b-Br2) biochron, however, coincides with a notable 
decrease in generic diversity among the small mammals at Raven Ridge. This decrease in 
diversity is consistent with the diversity pattern noted by Woodburne et al. (2009b) for 
the western interior of North America during this time interval, and is accompanied by a 
marked decrease in the relative abundance of rodents, and slight increases in the relative 
abundance of omomyids primates, Microsyops, and Hyopsodus (see Figure 30 and 
discussion in Chapter 6).  
A second faunal pattern that coincides with climate change during the EECO is 
the rise in relative abundance of arboreally-adapted small mammal genera at Raven 
Ridge (see Figure 31 and discussion in Chapter 6). The rise of this locomotor guild 
mirrors the increase in global temperatures during the EECO, with peak relative 
abundance of arboreal taxa during in the Br1a biochron, which coincides with the peak of 
the EECO. The increase in relative abundance of arboreal taxa is interpreted to be a result 
of increased niche availability due to the proliferation of densely canopied sub-tropical 
forests during the EECO at Raven Ridge, a floral turnover that has previously been 
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documented in other North American Basins (MacGinitie 1969, Wilf 2000, Woodburne 
et al. 2009a, b). These forested habitats are thought to have persisted in central North 
America until the end of the Bridgerian NALMA (Townsend et al. 2010). This faunal 
restructuring indicated by the changes in relative abundance of small mammal taxa at 
Raven Ridge during the EECO is consistent with climate-drive habitat change. 
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CHAPTER FIVE 
 
TOOTH GEOCHEMISTRY 
In this chapter I discuss the utility of mammalian teeth for paleoclimatic and 
chemostratigraphic analyses, and outline how laser ablation was used to sample 
Hyopsodus ‘small’ M3s from a variety of stratigraphic levels in the Raven Ridge section 
in an attempt to test the TOC data signature discussed in Chapter 5. The results of the 
laser ablation analysis do not match those from sediment carbon analysis from Chapter 5 
and instead appear to show variation due to diagenetic alteration caused by two different 
depositional settings. 
 
TOOTH GEOCHEMISTRY 
Purpose of Study 
This portion of the study was intended to obtain carbon and oxygen data from the 
tooth enamel of fossil mammals from the Raven Ridge area for use in paleoecological 
and paleoclimatic reconstructions and for chemostratigraphic correlation with marine 
carbon datasets as a test of the TOC data presented in Chapter 5. 
 
Previous Studies 
Mammalian tooth enamel has been used in numerous studies as both a 
paleoecological (e.g., MacFadden et al. 1999, Secord et al. 2008, Sharp and Cerling 1998, 
Zanazzi and Kohn 2008) and paleoclimatic (e.g., Fricke and O'Neil 1996, Fricke and 
Wing 2004) proxy. The carbon stored in mammalian tooth enamel is derived from the 
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individual’s diet and fractionated by a variety of metabolic processes from the time of 
ingestion until crystallization as biogenic apatite. As such, if the amount of carbon 
fractionation due to physiological processes can be determined, the δ13C values of tooth 
enamel can be back-calculated to determine the δ13C value of the dietary material which 
can provide useful paleoecological information regarding niche partitioning (Secord et al. 
2008). The δ13C value of plant material is directly related to that of atmospheric and as 
such, assuming a taxon’s diet remains relatively constant throughout its temporal range, it 
should be possible to use mammalian tooth enamel to track changes in atmospheric 
carbon through time, a hypothesis that is tested by the current study. 
In addition to δ13C data for paleoecological studies, mammalian tooth enamel 
from fossils has been used as a source of δ18O data for paleoclimatic investigations 
(Fricke et al. 1998a, Fricke et al. 1998b, Fricke and O'Neil 1999, Fricke and Wing 2004). 
This is accomplished through calculating the δ18O value of meteoric water by taking into 
account the fractionation of oxygen by an animal’s metabolic processes from the time of 
ingestion of meteoric water through incorporation of the oxygen into tooth enamel. The 
best case scenario for calculating paleotemperatures requires first, an accurate model for 
physiological fractionation within the taxon (e.g., Longinelli et al. 2003); and second, that 
the taxon obtain the majority of its body water from drinking rather than from ingested 
plant matter (Fricke and Wing 2004). To this end, the vast majority of prior paleoclimatic 
studies utilizing tooth enamel from fossil mammals (Fricke and Wing 2004) have been 
done using relatively large-bodied taxa that are judged to have obtained the majority of 
their body water from drinking and not from ingestion of plant material (e.g., Fricke and 
O'Neil 1996, Fricke and Wing 2004, Koch 1998, Kohn and Cerling 2002, Secord et al. 
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2008, Zanazzi and Kohn 2008) and whose teeth provide large quantities of enamel. An 
excellent review of paleotemperature calculation using fossil tooth enamel is provided by 
Fricke and Wing (Fricke et al. 1998b). 
The paucity of large-bodied taxa from Raven Ridge localities precludes use of 
larger bodied taxa and consequently, the isotopic analyses for this study were done on 
tiny teeth (roughly 3mm in length and 4mm in width) and required special sampling 
techniques. In this study, I used 45 specimens of Hyposodus ‘small’ (see Chapter 3) 
ranging through five biochrons and over 1,000m of stratigraphic section in an attempt to 
track relative change in local temperature using δ18O values and paleoecological shifts 
and atmospheric carbon changes using δ13C values. 
 
Laser Ablation 
A laser-based analytical technique known as gas chromatography isotope ratio 
monitoring mass spectrometry (GC/IRMS or simply ‘laser ablation’) has been developed 
for use on very small specimens (Fricke and Wing 2004). Laser ablation samples both 
carbon and oxygen; the carbon from a single source in tooth enamel (the carbonate ion), 
but oxygen is a bulk sample from three different sources within the enamel (the 
phosphate, carbonate and hydroxyl ions). The bulk sampling of oxygen is somewhat 
problematic in that oxygen atoms bound in carbonate molecules are more susceptible to 
diagenetic replacement than those bound in phosphate molecules (Kohn et al. 1999). 
Sharp et al. (1996), however, suggest that up to 95% of oxygen extracted from 
mammalian tooth enamel is derived from phosphate, rendering any diagenetic effects of 
carbonate oxygen essentially insignificant. Nevertheless, given this uncertainty in the 
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measurement of oxygen isotopes, the carbon isotope data must be considered more 
reliable than the oxygen data generated via laser ablation of the tooth enamel. 
 
METHODS 
Taxon and Specimen Selection 
Because the goal of laser ablation analyses was to construct carbon and oxygen 
curves through the entirety of the Raven Ridge section, it was important to select a taxon 
that was stratigraphically long-lived, abundant, and herbivorous (in order to minimize the 
confusion caused by physiological fractionation). Hyopsodus ‘small’ (see Chapter 3) was 
chosen as the sample taxon because it is stratigraphically ubiquitous, abundant, and its 
tooth morphology is fairly consistent throughout its stratigraphic range, suggesting a 
relatively fixed diet. 
In order to ensure sampling of enamel representative of adult diet and to eliminate 
any signal from weaning, deciduous cheek teeth and premolars were avoided as sample 
specimens (Sharp et al. 2000). Instead, because of their abundance throughout the section 
(202 specimens), upper third molars were chosen as the sample specimens. Individual 
specimens were selected in order to provide the widest possible stratigraphic distribution 
and the specimens with the most pristine enamel were chosen from each stratigraphic 
level. The teeth were cleaned of grit or sediment, if necessary, using a dental pick and a 
small toothbrush. 
The laser ablation analyses took place in the stable isotope lab of Dr. Thure 
Cerling at the University of Utah is Salt Lake City under the supervision of Dr. Ben 
Passey. The Hyopsodus ‘small’ teeth were sampled and analyzed via a laser-based gas 
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chromatography isotope ratio monitoring mass spectrometry (GC/IRMS) technique 
described in detail in previous studies (Passey and Cerling 2006, Sharp and Cerling 
1996). Each tooth was sampled twice, with six laser ‘shots’ being taken on the labial and 
then the lingual cingulum (that is, each sample was composed of CO2 volatilized by six 
separate laser ‘shots’). Upon completion of the analyses, the teeth were visually inspected 
under a dissecting microscope for signs of ‘burn-through’ (which occurs when the laser 
penetrates the enamel and burns into the underlying tooth cavity), since such and event 
might affect the resulting data. The raw δ13C and δ18O values were modified via linear 
regression to take into account instrumental drift throughout the analytical process, and 
then the two δ13C and δ18O values from each tooth were averaged to provide a single δ13C 
and δ18O data point for each tooth (see Appendix C). 
 
RESULTS 
Carbon 
The δ13 values of the 45 Hyopsodus ‘small’ teeth vary from a minimum of -
13.72‰ at a stratigraphic level of -127m to a maximum of -1.71‰ (413m) with an 
average of -7.79‰ (Fig. 23). The 22 specimens collected from localities in the Colton 
Formation have an average δ13 value of -10.37‰ whereas the 23 specimens collected 
from localities in the Green River Formation have an average δ13 value of -5.22‰. 
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Figure 23: Plot of δ13C values obtained from laser ablation analyses of Hyopsodus 
‘small’ upper third molars versus stratigraphic level at Raven Ridge. Data plotted in blue 
is from specimens collected from localities in the Colton Formation and data plotted in 
red is from specimens from localities in the Green River Formation. 
 
Oxygen 
The 45 δ18O values obtained from Raven Ridge Hyopsodus ‘small’ teeth vary 
from a minimum of -15.34‰ at a stratigraphic level of -121m to a maximum of -9.88‰ 
(465m) with an average of -12.26‰ (Fig. 24). There is no obvious trend in the δ18O 
values through the stratigraphic section, and the linear regression comparison of 
stratigraphic level and δ18O values yields an R2 value of 0.0763. The 22 samples from 
Colton Formation localities have an average δ18O value of -12.73‰, while the remaining 
23 samples from localities in the Green River Formation have a slightly higher average of 
-11.81‰. 
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Figure 24: Plot of δ18O values obtained from laser ablation analyses of Hyopsodus 
‘small’ upper third molars versus stratigraphic level at Raven Ridge. The data shown in 
blue are from specimens collected from localities in the Colton Formation and data 
shown in red are from specimens collected from localities in the Green River Formation. 
 
 
DISCUSSION 
Oxygen Data from Laser Ablation 
The oxygen data from the Hyopsodus teeth do not show the expected pattern of 
increasing δ18O values throughout Wa3-7 and decreasing values throughout the 
Bridgerian that would be consistent with the Early-Middle Eocene climate change 
indicated by marine isotope records (Passey and Cerling 2006, Sharp et al. 2000, Sharp 
and Cerling 1996). There are several possible reasons that the oxygen data do not show 
the expected signature. First, local climate at Raven Ridge may have been relatively 
constant throughout the late Wasatchian and early Bridgerian. Such stability is unlikely in 
view of both the climate variability recorded in the Bighorn Basin and the changing flora 
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recorded in the Wind River and Green River Basins during the mid-Wasatchian and early 
Bridgerian (Fricke and Wing 2004, Koch 1998, Koch et al. 1995, Wilf 2000, Wilf et al. 
1998, Wing and Harrington 2001, Woodburne et al. 2009a, b). 
A second and more likely reason for the unexpected results from the oxygen data 
is a problem in sampling technique. As explained in the introduction to this section, laser 
ablation samples bulk oxygen from tooth enamel, thereby increasing the chance that 
diagenetically-altered oxygen atoms are incorporated into the data. This bulk sampling 
will cause an increase in the variability within the data that can obscure a climate signal. 
Because the oxygen data provided by the laser ablation analyses are unreliable, it is not 
possible to provide a reconstruction of climate change at Raven Ridge based on isotopic 
data. A more promising alternative for reconstructing late Wasatchian and early 
Bridgerian paleoclimate at Raven Ridge is to use changes in mammalian faunal 
composition to track changes in paleoecology and thereby interpret broad changes in the 
local environment (see Chapter 4). 
  
Carbon Data from Laser Ablation 
As noted in the results section, the δ13C values of Hyopsodus ‘small’ teeth from 
Colton and Green River localities appear to be quite different. In order to test this pattern 
statistically, a oneway ANOVA analysis was run, comparing the δ13C values of 
specimens from each formation. The results of the analysis show that the δ13C values of 
the teeth from the Colton and Green River Formations are significantly different 
(F=95.299, df=1, P<0.0001; Fig. 25). 
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Figure 25: Plot of δ13C values for Hyopsodus ‘small’ M3s from the Colton and Green 
River Formations. The wide green line indicates the mean for each formation and the two 
narrower green lines indicate one standard deviation from that mean. The black line 
indicates the mean δ13C value of all Hyopsodus ‘small’ M3s samples from Raven Ridge. 
As noted in the discussion above, the samples from the two formations are statistically 
different. 
 
 The abrupt change in δ13C values of Hyopsodus ‘small’ tooth enamel at the 
Colton-Green River boundary is not likely to be due to a paleoecological shift. Secord et 
al. (2008) developed a model that showed an average δ13C enrichment of 13.1‰ relative 
to vegetation for mammals from the middle (Wa4) and late (Wa6) Wasatchian of the 
Bighorn Basin. Using this enrichment model (the only one available for early to middle 
Eocene mammals) applied to the TOC data from Chapter 5, it is expected that δ13C 
values of Hyopsodus ‘small’ tooth enamel should fall between roughly -17‰ at the low 
end and -7‰ at the high end. The specimens from localities in the Colton Formation are 
within this range, and compare well with δ13C values obtained by Secord et al. (2008) for 
Hyopsodus latidens (-12.6‰) and Hyopsodus wortmani (-13.1‰). However, the δ13C 
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values from the Hyopsodus ‘small’ tooth enamel from Green River Formation localities 
has considerably more positive values, such that the difference between TOC δ13C values 
from Chapter 5 and tooth enamel δ13C values is beyond that which can be explained by 
the enrichment model of Secord et al. (2008). 
 It is possible that the δ13C value shift from Hyopsodus ‘small’ tooth enamel is 
related to a switch in diet from an exclusively C3 plant diet to one that incorporated more 
C4 plants, which would result in the δ13C value of ingested plant material being 
considerably higher. However, there is no indication in the TOC record of an increase in 
C4 plant abundance near the Colton-Green River contact, in fact the TOC δ13C values 
continue to decrease across this lithologic boundary, so it does not appear as though any 
major floral abundance shift is responsible for the rapid increase in Hyposodus ‘small’ 
δ13C values.  
Instead of a shift in floral abundance, it is also possible that the shift in δ13C 
values is related to sampling from two different Hyopsodus taxa with notably different 
dietary niches. As has been noted in Chapter 3, Hyopsodus ‘small’ probably does not 
represent a single biological species, but instead likely includes specimens from several 
different morphospecies that cannot be distinguished based upon isolated teeth. It is 
possible that the included taxa did not share the same food preferences, and thus would 
be expected to have slightly different tooth δ13C values. There is no morphological 
evidence to support this supposition, however, as the Hyopsodus ‘small’ teeth found 
above and below the Colton-Green River contact are for all intents and purposes, 
identical. A more thorough test of this possibility requires more complete specimens for 
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analysis, a requirement that can only be filled by further extensive fossil collecting from 
the Raven Ridge area. 
In the absence of a detectable change in floral abundances, or a sampling 
distribution including two differentiable taxa, the most likely cause of the abrupt change 
in δ13C values of Hyopsodus ‘small’ tooth enamel at the Colton-Green River boundary is 
diagenetic alteration of the enamel. As discussed in Chapter 2, the Colton and Green 
River Formations were deposited in vastly different environments (fluvial vs. lacustrine), 
which also means that the chemical conditions of the sediments during deposition and 
burial would have been drastically different. These differing conditions may have let to 
diagenetic alteration of the tooth enamel in one or both depositional settings, which in 
turn might account for the observed change in δ13C values. The similarity in δ13C values 
between the Hyopsodus ‘small’ specimens from Colton Formation localities at Raven 
Ridge and the H. wortmani and H. latidens specimens from the Bighorn Basin (Secord et 
al. 2008) suggest that either both these sets of specimens are diagenetically unaltered, or 
both sets have been diagenetically altered in roughly the same fashion.  
The exact mechanism by which tooth enamel is altered post-deposition is not fully 
understood and is a field of ongoing research (K. Behrensmeyer; pers. comm.). Kohn et 
al. (1999) showed that δ18O values from fossil teeth can be altered ±1‰ due to chemical 
alteration of biogenic apatite and precipitation of secondary minerals. However, studies 
investigating the effects of diagenesis on δ13C values from biogenic apatite have yet to be 
undertaken. The presence of numerous specimens from a wide variety of taxa collected 
both below and above the Colton-Green River contact makes the UCM collections from 
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Raven Ridge an excellent candidate for preliminary investigations into the effects of 
depositional environment on fossil tooth enamel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 223
CHAPTER SIX 
 
BIOSTRATIGRAPHIC FRAMEWORK AND FAUNAL ANALYSIS 
 
 In this chapter, I estimate the stratigraphic locations of important biostratigraphic 
boundaries based upon the fossil mammals recovered from Raven Ridge. I then utilize 
the taxonomic assignments provided in Chapter 3 along with abundance data to analyze 
changes in faunal diversity and habitat structure at Raven Ridge during the Wasatchian-
Bridgerian transition. 
 
BIOSTRATIGRAPHY 
Purpose of Study 
 The goal of biostratigraphy is to provide a means of correlating widely separated 
strata by using fossil assemblages to determine relative ages. Tertiary biostratigraphy of 
North American mammals has been the subject of several synthetic volumes over the past 
70 years, with the first being the Wood committee (Wood et al. 1941) and the most recent 
being Woodburne (2004). In addition to this synthesis, several other studies that deal 
specifically with the late Wasatchian and early Bridgerian faunal transition in North 
America (Gunnell and Bartels 2001a, b, Gunnell et al. 1992, Gunnell et al. 2009, 
Robinson 1966, Stucky 1984c) are pertinent to my project. These previous studies, based 
primarily in the Green River, Bighorn, Wind River, Huerfano, and Piceance Creek 
Basins, provide the necessary comparative data to assign relative ages to the strata at 
Raven Ridge based upon the mammalian faunal assemblages described in Chapter 3. 
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Biostratigraphic Terminology and Variables 
 Several different taxonomic systems have been developed to subdivide the 
Wasatachian and Bridgerian North American Land Mammal ‘Ages’ or NALMA. The 
original system (Wood et al. 1941) involved naming temporally diagnostic faunal 
assemblages based upon the lithologic units in which they were first recognized. This 
system subdivided the Wasatchian NALMA into (from oldest to youngest) the 
Sandcoulean, Graybullian, Lysitean, and Lostcabinian biozones, and the Bridgerian 
NALMA into the Gardnerbuttean, Blacksforkian, and Twinsbuttean biozones (see 
Robinson et al. 2004 for a full taxonomic review). More recently, workers in the Bighorn 
Basin have established a numerical system for subdividing the Wasatchian NALMA 
(from oldest to youngest: Wa0-Wa7), which has also been applied to the Bridgerian 
NALMA (from oldest to youngest: Br1a, Br1b, Br2, Br3)(Gunnell et al. 2009). For the 
purposes of this study, I will refer to the older, lithologic-based system as ‘biozones’, and 
the newer numerical subdivisions as ‘biochrons’. 
 In most cases, biochrons encompass smaller amounts of time than biozones (i.e., 
the Sandcoulean biozone includes the Wa0-2 biochrons), making them the preferred 
temporal unit as they are more precise. However, increased temporal precision provided 
by the biochron system requires detailed taxonomic data in order to distinguish between 
the biochrons. As noted in Chapter 3 of this study, it is often difficult to assign isolated 
teeth to species, and the majority of specimens from Raven Ridge are assigned only to the 
generic level. There is also the challenge that index taxa tend to be larger-bodied taxa 
such as Eohippus, Heptodon, Phenacodus, and Lambdotherium (see Robinson et al. 
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2004), whereas sampling at the Raven Ridge localities are biased towards small-bodied 
taxa. Given these challenges, the Raven Ridge fossil assemblage was subdivided into 
biozones as follows, from oldest to youngest (equivalent biochrons in brackets): 
Graybullian (Wa3-5), Lysitean (Wa6), Lostcabinian (Wa7), Gardnerbuttean (Br1a), and 
Blacksforkian (Br1b-Br2). 
 It should also be noted that when attempting biostratigraphic correlation, the 
distribution of taxa through strata is not simply a function of time, but is also related to 
the taxon’s ecology. Each taxon has specific physiological needs and competes for 
various resources and niche space. The fossil faunas from which mammalian 
biostratigraphic framework is constructed represent numerous different ecosystems 
spread across both time and space. Fossil faunas in different basins (i.e., Bighorn Basin 
vs. Piceance Creek Basin) are expected to exhibit variation not only due to extinction and 
speciation events, but also due to local extirpations (changes in biogeographic range), 
non-uniform changes in resource availability, and different environmental tolerances 
among taxa (Foote 2000). In other words, a biostratigraphic framework that may work 
well within a single basin may allow for only relatively rough correlation with another 
basin that preserves a different ecosystem. 
 The biostratigraphic zonation of Raven Ridge was done in two parts, the first 
including all specimens from localities near the base of Section 2 and the Mormon Gap 
area (the ‘southern localities’), and the second including all specimens from Powder 
Wash, the Cliffs and the Hills areas (the ‘northern localities’; see Plate 1 for locations at 
Raven Ridge). This separation of localities into two groups was done in order to 
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accommodate the thickening of the stratigraphic section further north along the ridge that 
was recognized by (Picard and High 1972). 
Patterns of first and last appearance of mammalian taxa at Raven Ridge are 
discussed in the faunal analysis portion of this chapter which deals with diversity trends 
and habitat structure at Raven Ridge during the Wasatchian-Bridgerian transition. 
 
Biostratigraphic Zonation at Raven Ridge 
 The biostratigraphic zonation of the southern localities at Raven Ridge is 
somewhat problematic due to a paucity of biostratigraphically informative taxa. The First 
Appearance Datum (FAD) and Last Appearance Datum (LAD) for each genus from the 
southern localities of Raven Ridge are presented in Table 28, and Figure 19 shows the 
stratigraphic ranges of taxa from the southern portion of Raven Ridge. The majority of 
these taxa are typical of either the entire Wasatchian NALMA (e.g., Cantius, 
Phenacolemur, Ignacius) or the mid-Wasatchian (Wa3-6) (e.g., Hyopsodus, Microsyops, 
Apheliscus, Apatemys) (Robinson et al. 2004). The only biochron-level index taxon 
present in the southern portion of the ridge is Lambdotherium (Wa7), leaving those 
localities that are stratigraphically lower in the section to be referred to the ‘mid-
Wasatchian’. I have tentatively assigned the localities in close stratigraphic proximity to 
the Lambdotherium-bearing beds to the Wa7 biochron, and a few localities slightly below 
these beds to the Wa6 biochron (see Fig. 26 and Appendix B). However, it should be 
noted that the Wa6 localities are essentially identical in taxonomic composition to the 
Graybullian (Wa3-5) localities found stratigraphically lower in section, with the 
exception that the Wa6 localities have not produced any specimens of Haplomylus, 
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Pelycodus, Apheliscus, or Arctodontomys, taxa that tend to be found in higher abundance 
in Graybullian (Wa3-5) strata (Robinson et al. 2004). 
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Taxon FAD LAD
Phenacodus -202 -202 
Mimoperadectes -202 -202 
Talpavus -202 -202 
Coryphodon -202 -202 
Meniscotherium -202 -199 
Arctodontomys -202 -199 
Tetonius -202 -199 
Plesiadapis -202 -159 
Haplomylus -202 -132 
Apheliscus -202 -127 
Diacodexis -202 -46 
Herpetotherium -202 -46 
Macrocranion -202 -46 
Phenacolemur -202 -46 
Sciuravidae -202 -46 
Microsyops -202 -36 
Hyopsodus -202 -36 
Cantius -202 -36 
Ischyromyidae -202 -30 
Eohippus -202 -29 
Ectocion -199 -199 
Teilhardina -199 -199 
Ectypodus -199 -159 
Apatemys -199 -46 
Viverravus -199 -46 
Copelemur -169 -46 
Steinius -169 -46 
Vulpavus -165 -130 
Palaeosinopa -165 -46 
Absarokius -160 -29 
Carpolestes -159 -159 
Uintasorex -157 -46 
Arapahovius -141 -130 
Anemorhysis -141 -46 
Scenopagus -137 -46 
Pelycodus -132 -127 
Didelphodus -127 -46 
Ignacius -46 -46 
Cylindrodontidae -46 -46 
Lambdotherium -36 -36 
Table 28: First Appearance Datum (FAD) and Last Appearance Datum (LAD) for taxa 
found at localities along the southern portion of Raven Ridge. FADs and LADs are 
measured in meters relative to the Goniobasis layer, which is Wa7 in age (see Chapter 2). 
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Figure 26: Stratigraphic ranges of taxa from localities along the southern portion of 
Raven Ridge and interpreted biostratigraphic zonation. Taxa are in the same order left to 
right as in Table 28 top to bottom. Biochrons are highlighted in blue (Wa3-5), yellow 
(Wa6) and green (Wa7). Stratigraphic level is measured in meters relative to the 
Goniobasis layer (see Chapter 2). 
 
 The biostratigraphic zonation of the northern fossil localities is somewhat easier 
to decipher than that of the southern localities due to an abundance of biostratigraphically 
informative taxa. The FAD and LAD of each taxon found at the northern localities of 
Raven Ridge is presented in Table 29, and a graphic representation of these stratigraphic 
ranges is shown in Figure 27. The large number of FADs at the -121m level is a result of 
UCM Locality 85263 being extremely productive (>1,000 specimens) and should not be 
treated as a faunal turnover event. Locality 85263 produced numerous typical mid-
Wasatchian taxa, including Apheliscus, Teilhardina, Tetonius, and Pelycodus and is 
therefore assigned to the Graybullian (Wa3-5) biozone (Robinson et al. 2004). Co-
occurrence of the perissodactyls Heptodon and Homogalax just above UCM Locality 
85263 is treated as the base of the Lysitean (Wa6) biozone, and the FADs of Loveina and 
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Lambdotherium are used to define the base of the Lostcabinian (Wa7) biozone (Gunnell 
et al. 2009). The end of the Wa7 biochron and the start of the Br1a biochron (the Wa-Br 
boundary) is recognized by the FADs of Smilodectes, Washakius, Utahia, Uintanius, 
Aycrossia, and Megadelphus combined with the LAD of Loveina (Gunnell et al. 2009). 
The LADs of Shoshonius and Cantius are also recorded during the Br1a biochron, which 
is consistent with published stratigraphic occurrences in other basins (Gunnell et al. 
2009). The Gardnerbuttean-Blacksforkian (Br1a-Br1b) boundary is difficult to locate 
using UCM specimens. Gunnell and Bartels (1999) suggested an age of Br1b for the 
Powder Wash locality (UCM Locality 83219) based upon the occurrence of several index 
species (Utahia kayi and Sciuravus eucristidens) that have not been identified elsewhere 
along Raven Ridge, possibly due to the incomplete nature of the material in the UCM 
collections. However, there are several localities that can be confidently placed above 
Powder Wash in the stratigraphic section, suggesting that they too are Br1b in age or 
younger (UCM Localities 91244, 92005, 92006, 92019, and 92027). These localities are 
here tentatively assigned to the Blacksforkian (Br1b-Br2) biozone based on their 
lithologic relationship to the Powder Wash locality. Differentiating Blacksforkian (Br1b-
Br2) faunas from Twinsbuttean (Br3) faunas is difficult (Robinson et al. 2004). None of 
the Br3 index species or genera (Gunnell et al. 2009) have been located at Raven Ridge, 
but the fauna recovered from the above-mentioned UCM localities does not preclude an 
age of Br3.  
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Taxon FAD LAD  Peradectes -121 812 
Haplomylus -276 -276  Scenopagus -121 812 
Apheliscus -276 -107  Microsyops -121 812 
Macrocranion -276 -32  Uintasorex -121 812 
Ischyromyidae -276 812  Phenacodus -110 -110 
Arctodontomys -225 -225  Heptodon -110 -60 
Hyopsodus -225 812  Thryptacodon -107 -107 
Sciuravidae -178 812  Homogalax -107 -107 
Ectypodus -121 -121  Coryphodon -107 -48 
Teilhardina -121 -121  Miacis -71 172 
Tetonius -121 -121  Stylinodon -67 -67 
Pelycodus -121 -32  Ectocion -63 0 
Palaeosinopa -121 336  Bunophorus -61 -61 
Anemorhysis -121 349  Loveina -39 432 
Eohippus -121 493  Ignacius -32 -32 
Phenacolemur -121 493  Lambdotherium -28 -28 
Esthonyx -121 493  Shoshonius 141 589 
Vulpavus -121 567  Cylindrodontidae 172 777 
Centetodon -121 567  Notharctus 172 812 
Cantius -121 573  Omomys 172 812 
Steinius -121 575  Utahia 410 767 
Didelphodus -121 596  Uintanius 410 812 
Copelemur -121 596  Megadelphus 438 639 
Absarokius -121 798  Nyctitherium 444 767 
Apatemys -121 812  Washakius 444 812 
Diacodexis -121 812  Smilodectes 461 780 
Viverravus -121 812  Aycrossia 777 777 
Herpetotherium -121 812  Orohippus 798 798 
 
 
Table 29: First Appearance Datum (FAD) and Last Appearance Datum (LAD) for taxa 
found at localities along the northern portion of Raven Ridge. FADs and LADs are 
measured in meters relative to the Goniobasis layer, which is Wa7 in age (see Chapter 2). 
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Figure 27: Stratigraphic ranges of taxa from localities along the northern portion of 
Raven Ridge and interpreted biostratigraphic zonation. Taxa are in the same order left to 
right as in Table 29 top to bottom. Biochrons are highlighted in blue (Wa3-5), yellow 
(Wa6), green (Wa7), red (Br1a), and purple (Br1b-Br2). Stratigraphic level is measured 
in meters relative to the Goniobasis layer (see Chapter 2). 
 
 
FAUNAL ANALYSIS 
Purpose of Study 
 The goal of the faunal analysis portion of this study is to use changes in 
mammalian diversity and relative abundance throughout the mid-late Wasatchian and 
early Bridgerian to test previously posited hypotheses regarding the effects of the EECO 
on mammalian faunas in North America. In this case, the hypotheses to be tested are that 
mammalian diversity increased during the mid-late Wasatchian, peaked during the Br1a 
biochron, and then decreased during the Br1b biochron (as would be expected if warming 
climate during the EECO were driving an increase in diversity), and that the Wasatchian-
Bridgerian transition at Raven Ridge was associated with a proliferation of tropical forest 
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habitat, as was the case elsewhere in the western interior of North America (Wilf 1994, 
Woodburne et al. 2009a, b). 
 
Data Manipulation 
 The UCM fossil assemblage from Raven Ridge is heavily biased towards small 
taxa, with taxa whose teeth are too large to be collected by ants (here considered any 
taxon with an average tooth area greater than 23mm2) making up < 4% of the total fauna. 
The sampling of large taxa is not uniform throughout the stratigraphic section, with the 
majority of the specimens collected from channel lag deposits in the Cliffs area of Raven 
Ridge. In order to avoid having this sampling bias affect the faunal analysis, large taxa 
are excluded from diversity indices and relative abundance calculations. These excluded 
taxa are: Ectocion, Phenacodus, Meniscotherium, Coryphodon, Eohippus, Heptodon, 
Homogalax, Lambdotherium, Megadelphus, Stylinodon, and Esthonyx. All other taxa 
collected from Raven Ridge have been found both on anthills and in channel lags and 
surface float and are included in the faunal analysis. Because these smaller taxa are found 
in both the Green River and Colton Formations, which represent different depositional 
environments, it is assumed that the probability of preservation for these small taxa 
remains essentially constant throughout the stratigraphic section at Raven Ridge. For the 
purposes of this faunal analysis all small-bodied mammals are grouped at the generic 
level. The sole exception to this rule is the rodents, which are differentiated at the family 
level for all analyses unless otherwise stated. 
 For the purposes of the faunal analysis, specimens were placed in sample bins 
according to biozone, resulting in five sample bins (i.e., Graybullian, Lysitean and 
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Lostcabinian in the Wasatchian NALMA; Gardnerbuttean and Blacksforkian in the 
Bridgerian NALMA). Specimens were grouped by biozone rather than stratigraphic 
occurrence relative to the Goniobasis layer in order to avoid problems caused by the 
thickening of the stratigraphic section at the north end of Raven Ridge relative to the 
south, and the inconsistent distribution of fossil localities throughout the stratigraphic 
section that would have resulted in some localities being ignored due to their statistically 
insignificant sample size. By grouping the specimens by biozone, it is possible to use all 
fossil specimens of small-bodied taxa from Raven Ridge in the faunal analysis. It should 
be noted, however, that these biozone bins do not represent equal temporal durations. 
Table 30 shows the number of specimens in each of the five biostratigraphic bins. 
 
Biozone # of 
Specimens 
Graybullian 1908 
Lysitean 1469 
Lostcabinian 2256 
Gardnerbuttean 1654 
Blacksforkian 1187 
Table 30: Biostratigraphic bins used for the faunal analysis showing the number of small 
mammal specimens (average tooth size < 23mm2) included in each bin. 
 
 
Bin Similarity 
 A Bray-Curtis test of dissimilarity was run to determine the degree of similarity in 
taxonomic composition between bins. In this case the bins are based on temporal units 
and thus each bin should be more similar to the preceding and following bins than more 
temporally distant bins. Any divergence from this pattern could indicate localities have 
been biostratigraphically misidentified (Chew 2005). The results of the Bray-Curtis test 
of dissimilarity are presented in Table 31. 
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Bin 1 Bin 2 Obs. Taxa 
Bin 1 
Obs. Taxa 
Bin 2 
Shared Obs. 
Taxa 
Bray-Curtis 
Graybullian Lysitean 33 29 24 0.759 
Graybullian Lostcabinian 33 32 25 0.637 
Graybullian Gardnerbuttean 33 28 20 0.467 
Graybullian Blacksforkian 33 22 13 0.411 
Lysitean Lostcabinian 29 32 25 0.730 
Lysitean Gardnerbuttean 29 28 21 0.544 
Lysitean Blacksforkian 29 22 14 0.523 
Lostcabinian Gardnerbuttean 32 28 24 0.662 
Lostcabinian Blacksforkian 32 22 16 0.508 
Gardnerbuttean Blacksforkian 28 22 20 0.699 
Table 31: Bray-Curtis test of dissimilarity between sample bins of the small mammal 
fossil assemblage from Raven Ridge. Higher Bray-Curtis value indicates a higher degree 
of taxonomic similarity between sample bins. Results show that each sample bin has the 
highest degree of similarity with the bins that temporally precede and follow it (values in 
green). The largest degree of difference between neighboring bins is between the 
Lostcabinian and Gardnerbuttean (value in red), which is expected because this faunal 
boundary was the first to be recognized in the fossil record (Wood et al. 1941) and 
represents not only a biozone, but also the boundary between the Wasatchian and 
Bridgerian NALMA. 
 
Diversity  
 Recent studies, based on a large-scale literature search and binned by biochron, 
suggest mammalian generic diversity in the Western Interior increased steadily during the 
mid-late Wasatchian, peaked during the Br1a biochron with a maximum of 104 genera of 
fossil mammals, and then declined sharply during the Br1b biochron (Woodburne et al. 
2009a, b). In order to test this pattern using the small-bodied fossil mammal assemblage 
from Raven Ridge, it was necessary to standardize the sample bins in order to be able to 
directly compare the generic diversity levels of each bin. This was accomplished using a 
rarefied diversity estimation, or rarefaction, analysis (Magurran 1988).  
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Rarefaction analysis is a means of standardizing sample size for unevenly 
sampled bins which works by calculating the expected number of taxa based on the 
combined probability of the recovery of those taxa from a random sample that is the same 
size as the smallest available sample (Magurran 1988). In this case, the smallest available 
sample is 1,187 specimens from the Blacksforkian bin. A secondary use of rarefaction 
analysis is to determine how completely a bin is being sampled. When a bin is well 
sampled, the rarefaction line for that bin approaches its asymptote. When a bin is poorly 
sampled, the rarefaction line remains relatively steep and the number of recovered taxa 
continues to increase with increased sampling.  
The computer program EstimateS (Colwell 2005) was used to run rarefaction 
analyses to determine the estimated generic diversity for each biozone represented in the 
small-bodied fossil assemblage from Raven Ridge, and also to determine the estimated 
sampling completeness within each biozone bin. The rarefaction curves for the five 
biozone sample bins from Raven Ridge are presented in Figure 28. 
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Figure 28: Rarefaction curves showing generic diversity for each biozone at Raven 
Ridge. The Graybullian and Blacksforkian bins are the most completely sampled bins as 
their lines are closest to their asymptotes. The Graybullian biozone comprises the most 
diverse fauna, while the Blacksforkian fauna is the least diverse and the other three 
biozones have intermediate diversity levels. Only the Graybullian and Blackforkian 
curves are significantly different from one another at the 0.95 confidence level. 
 
 The shape of the rarefaction curves suggest that each sample bin from Raven 
Ridge is relatively completely sampled, with the Graybullian and Blacksforkian bins 
being the best sampled (these lines are closest to their asymptotes) and the Lysitean and 
Lostcabinian being somewhat less completely sampled. There is no significant difference 
at the 95% confidence level among the generic diversity of the Graybullian (33 taxa), 
Lysitean (31 taxa), Lostcabinian (32 taxa), and Gardnerbuttean (28 taxa) biozones, but 
the Blacksforkian biozone (22 taxa) shows a statistically significant decrease in generic 
diversity relative to the other bins. Unlike the study by Woodburne et al. (2009), the 
results of the rarefaction analysis at Raven Ridge do not indicate an increase in generic 
diversity during the mid-late Wasatchian that peaked during the Lostcabinian and 
Gardnerbuttean and then declined during the Blacksforkian. In the case of the rarefaction 
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data from Raven Ridge, only the rapid decrease in generic diversity during the 
Blacksforkian is similar to the pattern suggested by Woodburne et al. (2009b). The 
difference in patterns between this study and Woodburne et al. (2009b) may be because 
the latter study grouped the Wa7 and Br1a biochrons together in a single bin, which 
would artificially inflate the diversity of the sample bin. Additionally, the rarefaction 
curves calculated by Woodburne et al. (2009b) are based upon single localities from 
different basins and are therefore not informative with regard to generic diversity on a 
continental scale. Rarefaction analysis of generic diversity throughout the EECO in the 
Western Interior would require taxonomic and quantitative data from all North American 
EECO mammal sites; this compendium of data would be extremely useful for 
paleoecological analyses and examination of inter-basin faunal changes through time. 
Such a data compendium should be high on the list of priorities for researchers interested 
in the EECO in North America. 
 An additional method for calculating diversity trends through time is the use of 
diversity curves that rely on FADs and LADs to calculate sample bin diversity (Sepkoski 
1993, Sepkoski et al. 1981, Sepkoski and Hulver 1985). This method was used to 
calculate diversity trends for the Raven Ridge fauna, with an explicit assumption that the 
taxa were present at Raven Ridge in all bins between their first and last appearance  (i.e., 
the range-through assumption, Foote and Miller 2007). The diversity curves were 
calculated both with and without singleton taxa (taxa that are present in only a single 
sample bin) and the results are shown in Figure 29. 
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Figure 29: Generic diversity trends in the Raven Ridge small mammal assemblage 
through the biozones spanning the Wa-Br transition (red and blue lines) compared to 
generic diversity for central North America spanning the same time interval (green line, 
from Woodburne et al. 2009a,b). The curve including all available taxa from Raven 
Ridge (blue) shows a trend of essentially stable diversity during the Wasatchian intervals 
(Graybullian-33 taxa, Lysitean-31 taxa, Lostcabinian-32 taxa) followed by a decrease in 
diversity during the Bridgerian biozones (Gardnerbuttean-28 taxa, Blacksforkian-22 
taxa). The curve for Raven Ridge that excludes singleton taxa (red) shows a slight 
increase in generic diversity through the late Wasatchian, followed by a decline in 
diversity in the Bridgerian. 
 
 The diversity curves for Raven Ridge in Figure 22 show contrasting patterns. 
When all taxa are included, there is essentially stable generic diversity from the 
Graybullian to the Gardnerbuttean (none of these bins are significantly different from one 
another at the 95% confidence level), followed by a sharp decrease in diversity during the 
Blacksforkian. When singleton taxa are removed, there is a slight increase in diversity 
during the Wasatchian (Graybullian-26 taxa, Lysitean-28 taxa, Lostcabinian-30 taxa) and 
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a decline in diversity during the Bridgerian (Gardnerbuttean-28 taxa, Blacksforkian-20 
taxa). The latter pattern is similar to that observed by Woodburne et al. (2009b) and is 
consistent with the hypothesis that warmer climates during the EECO correlated with 
higher levels of mammalian diversity in central North America. The inclusion or 
exclusion of singleton taxa in data analysis is of paramount importance to the 
interpretation of diversity trends at Raven Ridge, and thus these singletons are worthy of 
closer examination. 
 Sepkoski (1997) argued for the exclusion of singleton taxa from diversity indices 
on the basis that the number of singletons in each sample bin was directly related to 
sampling variability, and this example has been followed by numerous other researchers 
(e.g., Chew 2009). In the current study, however, all bins are shown to be relatively well 
sampled by the rarefaction analysis in Figure 28. Many of the singleton taxa, such as 
Loveina, Teilhardina, Tetonius, and Arctodontomys, are used as index taxa for various 
biozones, and their biostratigraphic occurrences at Raven Ridge are consistent with those 
from other basins in the Rocky Mountain Region. The similar stratigraphic distribution of 
these taxa in multiple basins is consistent with these occurrences being restricted by 
biological and temporal factors as opposed to sampling inconsistencies. Given the robust 
nature of the rarefaction analyses and corroborative restricted occurrences of singleton 
taxa in other basins, the diversity curve constructed using all taxa in the Raven Ridge 
assemblage (Figure 29, blue curve) is suggested here to be the more robust representation 
of generic diversity at Raven Ridge during the Wasatchian-Bridgerian transition. This 
diversity curve does not show an increase in generic diversity among small mammal taxa 
during the Wasatchian-Bridgerian transition at Raven Ridge, but instead shows relative 
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stability in diversity or even a slight decrease in diversity during what is interpreted to be 
the peak of the EECO during the Lostcabinian and Gardnerbuttean biozones (see Chapter 
4 of this study for estimation of the onset, peak, and decline of the EECO at Raven 
Ridge). 
 There are several possibilities for the lack of congruence between the diversity 
results of this study based on small-bodied taxa, and those of the recently published 
continental-scale analysis of generic diversity during the EECO (Woodburne et al. 2009a, 
b). First, the difference in diversity patterns across the Wa-Br boundary may be a result 
of excluding large taxa from the current study. Woodburne et al. (2009a) noted 
significant diversification of artiodactyls and perissodactyls during the EECO, which are 
patterns that would not be recovered through analysis of small-bodied taxa from Raven 
Ridge. However, this result would be inconsistent with warmer climates driving 
mammalian diversity as a whole, and instead be consistent with warm climates increasing 
diversity in only a few select taxa. An inspection of Table 1 in the Appendix of 
Woodburne et al. (2009b), which contains biostratigraphic occurrence data used for 
diversity indices, does not appear to support the hypothesis that large-bodied taxa 
increased in generic diversity to the exclusion of small-bodied taxa during the EECO. 
However, diversity patterns among all size classes of mammals during this time interval 
are beyond the scope of this project and await more detailed analysis in future studies. 
While it has been shown that in general small taxa are less likely to conform to 
Bergmann’s Rule (De Queiroz and Ashton 2004), which is hypothesized to be directly 
related to climate, there is no indication in the literature that large-bodied taxa are more 
likely than small-bodied taxa to undergo speciation/diversification during periods of 
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major climate perturbation. However, to my knowledge, this hypothesis has not been 
explicitly tested using the fossil record and represents a direction for possible future 
investigation. 
A second possibility for the disparity between the diversity results from Raven 
Ridge and the continental-scale results of Woodburne et al. (2009b) is that the rapid 
increase in generic diversity during the Lostcabinian and Gardnerbuttean (Wa7-Br1a) 
biozones shown by (Woodburne et al. 2009a, b) may be a sampling artifact caused by an 
abundance of specimens from this particular interval. Sepkoski (1997) suggested that 
rapid increases in diversity were often related to better sampling during relevant intervals, 
and the Lostcabinian and Gardnerbuttean biozones are extremely well-sampled relative to 
the Lysitean and Blacksforkian biozones. Rarefaction analyses might prove useful in 
determining how well sampled each biozone is on a continental scale, but this would be 
an immense project requiring taxonomic and abundance data from all relevant localities. 
A related, but separate, possibility is that the variability in generic diversity is 
related to the inherently subjective nature of naming fossil taxa based on their 
morphology. The problem of producing a standardized method of differentiating morpho-
taxa is as old as the science of paleontology. The best method of overcoming it at this 
point remains for experts to see as many specimens as possible and explicitly state the 
characters they find to be useful. Once again, however, this would be a massive 
undertaking, although these all-inclusive studies have been attempted by individuals in 
the past with mixed results (e.g., Froelich 2002, Krishtalka 1976a, Lillegraven et al. 
1981). 
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A third possibility for the incongruence in results between this study and the 
generic diversity suggested by the meta-analysis of Woodburne et al. (2009b) is that the 
difference is a function of comparing the diversity of a local fauna such as that of Raven 
Ridge with the combined faunas of the Western Interior during the Wasatchian-
Bridgerian transition. At the continent-wide scale, taxonomic diversity levels are driven 
by the diversity of ecosystems in the sampled area. This idea is consistent with the 
increase in generic diversity in North America during the EECO being a result of 
increased provinciality, a pattern that by definition cannot be observed at any single 
locality. An efficient method of testing this hypothesis would be to compare fossil faunas 
of numerous biozones among the basins in the Western Interior. If provinciality is 
correlated with climate change, the similarity of basin faunas should decrease during 
periods such as the EECO. 
The Wasatchian-Bridgerian transition is recognized in the North American fossil 
record as a period of notable faunal turnover (Robinson et al. 2004). However, this 
turnover is not captured at Raven Ridge by diversity indices. Other faunal metrics must 
be employed to investigate the nature of the faunal changes among small-bodied 
mammals at Raven Ridge during the Wasatchian-Bridgerian transition and the EECO. 
 
Relative Abundance 
The relative abundance of a taxon is expressed as the percentage of the total 
number of specimens of all taxa in a sample bin. This metric is commonly employed in 
paleoecological analyses (Behrensmeyer 1992, Chew 2005, Magurran 1988) and can be 
used in concert with a taxon’s inferred or known biological traits or habits (e.g., 
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locomotory or feeding habits) to track changes in habitat structure through time. The 
relative abundance in each sample bin of major component small-bodied taxa from the 
Raven Ridge fossil assemblage are shown in Figure 30. Minor component taxa (taxa 
which make up less than 5% of the fauna, including all small-bodied taxa except those 
included as separate groups in Fig. 30) are grouped together under ‘Other Taxa’. 
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Figure 30: Histogram showing the relative abundance of the six major component taxa in 
the Raven Ridge fossil assemblage through time. Notable trends include the increase in 
relative abundance of omomyids (from the Graybullian to the Blacksforkian) and rodents 
(from the Graybullian to the Gardnerbuttean), and the decrease in abundance of 
Hyopsodus (from the Graybullian to the Gardnerbuttean) and Microsyops (from the 
Lysitean to the Gardnerbuttean). There are also notable changes in the taxonomic 
evenness of the fauna, with relatively even taxonomic abundance during the Graybullian 
and Lysitean, and faunas dominated by rodents during the Lostcabinian and particularly 
the Gardnerbuttean. Minor component taxa (taxa which never make up >5% of the fauna 
in any given sample bin with the exception of ‘insectivores’ in the Blacksforkian, which 
are extremely abundant from the Powder Wash locality in the CMNH collections) are 
grouped together under ‘Other Taxa’. 
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 In comparison to the previously discussed diversity trends which remain relatively 
stable through most of the sample bins, Figure 30 shows that the relative abundance of 
taxa in the Raven Ridge fauna changed dramatically during the Wasatchian-Bridgerian 
transition. Of particular note are the increases in relative abundance of the Omomyidae 
and rodents, and the simultaneous decrease in relative abundance of Microsyops and 
Hyopsodus. The Raven Ridge fauna also shifts from a relatively even abundance 
distribution in the Graybullian and Lysitean to a heavily skewed abundance distribution 
in the Lostcabinian and in particular the Gardnerbuttean where the fauna is dominated by 
rodents. The increase in ‘other taxa’ during the Blacksforkian is related almost entirely to 
the extremely high abundance of ‘insectivores’ from the Powder Wash locality in the 
Carnegie Museum collections. This high abundance of small, insectivorous mammals is 
not reflected in Blacksforkian localities collected by the UCM. 
 A notable pattern in the relative abundance data is that changes in the relative 
abundance of rodents, Microsyops, and Hyopsodus appear to be linked (i.e., increases in 
the abundance of rodents are accompanied by decreases in abundance of Hyposodus and 
Microsyops and vice versa). It is tempting to view such patterns as evidence of 
competitive exclusion (Armstrong and McGehee 1980, Hardin 1960), however, the 
detailed ecological niches of the relevant taxa are poorly understood. It may be that 
instead of direct competition between mammal taxa the relationship is indicative of 
changes in the availability of resources within the ecosystem, and are thus more of an 
indication of competitive exclusion within the flora than among the mammalian taxa. 
The taxonomic resolution of these abundance plots (including genera, families, 
and in the case of rodents, an order) does not allow for the differentiation of detailed 
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ecological niches within the Raven Ridge fauna. However, inferred habits of these larger 
groups can still be used to identify broad changes in habitat structure during the Wa-Br 
transition at Raven Ridge. The Wa-Br transition has been linked temporally with the peak 
of the EECO, a period during which tropical forests covered much of the central United 
States (Wilf 1994, Woodburne et al. 2009a, b) and a factor that has been hypothesized to 
be a major driving force for mammalian faunal change during this interval. Although 
there are no paleobotanical remains documented from the Raven Ridge area, relative 
abundance of small mammal taxa with inferred arboreal locomotory habits (obtained 
through a literature search; see Appendix E) is used here as a proxy for forest habitat at 
Raven Ridge (Figure 31). 
 
 
 
 
 
 247
0
10
20
30
40
50
60
70
80
90
Gr
ay
bu
llia
n
Ly
sit
ea
n
Lo
stc
ab
ini
an
Ga
rd
ne
rb
utt
ea
n
Bl
ac
ks
for
kia
n
%
 o
f f
au
na
 w
ith
 k
no
w
n 
lo
co
m
ot
or
 h
ab
its
Arboreal
Not Arboreal
 
Figure 31: Histogram showing the relative abundance of small mammal taxa from Raven 
Ridge whose locomotor habits have been inferred to be either arboreal or non-arboreal. 
There is an increase in the relative abundance of arboreal taxa during the late Wasatchian 
with a peak in the Gardnerbuttean sample bin. This pattern is consistent with an increase 
in arboreal habitat space during the late Wasatchian and early Bridgerian. The 
locomotory assignment of each small mammal taxon is listed in Appendix E and is based 
upon a literature search. 
 
 The relative abundance of small-bodied mammals with arboreal habits shows an 
increase through the late Wasatchian, peaking in the earliest Bridgerian, with a slight 
decline in the Blacksforkian. The major faunal component responsible for this faunal 
change is the marked increase in the relative abundance of anaptomorphine omomyid 
primates during the Lysitean and omomyine omomyids during the Lostcabinian and 
Gardnerbuttean biozones, patterns that have been noted by previous researchers (Gunnell 
et al. 2008c). During the Graybullian biozone, the Raven Ridge fauna shows a roughly 
even distribution of mammalian taxa with terrestrial and arboreal locomotor habits 
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whereas during the peak of the EECO in the Gardnerbuttean biozone, arboreal 
individuals outnumber terrestrial individuals three to one. Increased arboreality in the 
fauna is consistent with an increase in densely forested habitat at Raven Ridge during the 
late Wasatchian and early Bridgerian, which fits with patterns of floral change observed 
in other North American basins during this time interval (Wilf 1994, Woodburne et al. 
2009a, b). These forested habitats are hypothesized to have persisted in central North 
America until the end of the Bridgerian NALMA, at which point there is a marked 
decrease in the diversity and relative abundance of arboreal taxa, and a habitat shift to 
more open woodlands (Townsend et al. 2010). 
 The results from relative abundance analyses on the small-bodied mammals from 
Raven Ridge are consistent with large-scale restructuring of the habitat during the EECO; 
faunal changes that are not captured using diversity metrics. 
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CHAPTER SEVEN 
 
SUMMARY AND CONCLUSIONS 
  
Raven Ridge is a roughly 30km long ridge that straddles the Colorado-Utah 
border on the northeastern edge of the Uinta Basin and consists of intertonguing units of 
the fluvial Colton and lacustrine Green River Formations. Collection of fossil vertebrates 
from Raven Ridge by researchers from the University of Colorado Museum of Natural 
History (UCM) have resulted in a diverse mammalian fauna comprising >9,500 
specimens representing at least 59 genera in 33 families. Fossils consist almost entirely of 
isolated teeth, although some of the smallest taxa such as Centetodon and Ectypodus are 
represented by fragmentary dentaries and maxillaries containing multiple teeth. The 
composition of the fossil assemblage from Raven Ridge is heavily biased towards small-
bodied taxa, such as Omomys, Shoshonius, Microsyops, and Hyopsodus, but large-bodied 
taxa such as Lambdotherium, Heptodon, and Hyracotherium are locally found. This size 
bias is likely the result of the majority of specimens having been collected from anthills. 
The fossil mammals were used in conjunction with several lithologic marker beds to 
construct a biostratigraphic framework for the area in order to temporally constrain the 
units of the Green River and Colton Formations exposed at Raven Ridge. 
 The fossil mammal fauna from Raven Ridge was described and correlated 
biostratigraphically with fossil faunas from other basins (notably the Green River, Wind 
River, Piceance Creek, and Huerfano Basins). These correlations are consistent with an 
age of late-early through early-middle Eocene, or Graybullian (Wa3-5) through 
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Blacksforkian (Br1b-Br2) biozones, an interval spanning roughly 53.5-49.5 Mya (Smith 
et al. 2008). This time interval has been shown by others (Woodburne et al. 2009a, b) to 
coincide with an extended period of global warmth the Early Eocene Climatic Optimum 
(EECO), during which sub-tropical forests occupied much of the North American 
Western Interior. The EECO has been hypothesized as a driving factor behind an increase 
and peak of mammalian generic diversity in the latest Wasatchian and earliest Bridgerian 
in western North America (Woodburne et al. 2009a, b). The fossil mammal assemblage 
from Raven Ridge is well-suited to testing this hypothesis, as well as to quantify coeval 
changes in ecological and habitat structure. 
 After temporally constraining the strata at Raven Ridge using biostratigraphy, the 
onset, peak, and decline of the EECO at Raven Ridge were localized stratigraphically 
using chemostratigraphic correlation between Total Organic Carbon (TOC) data collected 
from Raven Ridge, and established marine isotope curves. The δ13C data from Raven 
Ridge show a negative δ13C excursion starting during the mid-late Wasatchian (Wa5-6) 
and peaking at roughly -30‰ during the Lostcabinian (Wa7) biozone. This excursion is 
followed by a positive δ13C excursion that peaks at roughly -20‰ during the 
Gardnerbuttean (Br1a) biozone whose onset appears to roughly coincide with the 
Wasatchian-Bridgerian boundary,. This δ13C curve topology was correlated with marine 
carbon and oxygen datasets (Katz et al. 2005, Kennett and Stott 1990, Shackleton and 
Hall 1984), which provided both independent temporal calibration via the Geomagnetic 
Polarity Timescale (Berggren et al. 1995) and calibration of the onset, peak, and decline 
of the EECO. This series of chemostratigraphic correlations are consistent with the onset 
of the EECO taking place during the Lysitean (Wa6) biozone at Raven Ridge, the peak of 
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the EECO occurring near the Lostcabinian-Gardnerbuttean (Wa7-Br1a, or Wasatchian-
Bridgerian) boundary, and the decline of the EECO starting during the Gardnerbuttean 
and Blacksforkian (Br1b-Br2) biozones. 
 Laser ablation analyses were performed on numerous M3s of Hyopsodus from 
throughout the stratigraphic section at Raven Ridge in the hope that they would 
corroborate the sediment-based TOC data. The results, however, show a large positive 
δ13C offset that coincides with the Green River-Colton Formation boundary. This offset is 
interpreted as the result of diagenetic alteration of the tooth enamel related to the different 
depositional environments of these formations. While this result is not informative for the 
purposes of this study, it does indicate an opportunity to learn more about the 
geochemical differences that result from preservation in a lacustrine (Green River 
Formation) versus a fluvial environment (Colton Formation). 
 With the global climatic fluctuations of the EECO interpreted in the stratigraphic 
section at Raven Ridge, it was then possible to investigate associated faunal patterns 
throughout this time interval. In contrast to continental-scale analyses of the same time 
period (Woodburne et al. 2009a, b), diversity indices are consistent with relatively stable 
generic diversity within the mammalian fauna at Raven Ridge through or spanning  the 
Wasatchian-Bridgerian transition. While there are several possible explanations for this 
discrepancy, including sampling bias and the subjectivity of morphology-based 
taxonomy, the most plausible cause for the differing results is the scale at which the 
different analyses were performed. It seems likely that diversity changes on a continental 
scale may be more related to the diversity of sampled habitats, and therefore reflect the 
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degree of provinciality of sampled faunas, a metric that by definition cannot be recovered 
from the study of a single, relatively localized fauna such as that of Raven Ridge. 
 While the generic diversity at Raven Ridge remained relatively stable during the 
EECO, relative abundance data are consistent with a dramatic change in habitat structure. 
The relative abundance of taxa with inferred arboreal habits increases significantly during 
the Wasatchian-Bridgerian transition, with early Bridgerian faunas being dominated by 
arboreal taxa. The increase in the abundance of arboreally adapted taxa (primarily 
omomyids primates) is interpreted as evidence of an increase in dense canopy forests at 
Raven Ridge during the EECO. There is also an increase in the relative abundance of 
rodents at Raven Ridge, peaking during the Gardnerbuttean (Br1a) biozone when this 
group comprises more than 50% of the fauna. 
 The results of the diversity and relative abundance analyses on the Wasatchian-
Bridgerian fauna from Raven Ridge are consistent with this faunal transition being 
typified not by a major shift in diversity, but instead by an ecological restructuring in the 
Uinta Basin. In this sense, the mammalian taxa appear to be responding to climate change 
during the EECO in a round-about fashion in that the flora responds directly to climatic 
and environmental influences, whereas the mammals themselves react to resource 
availability in the changing flora (Is this different though from what Woodburne et al. are 
saying, particularly since they reference Wilf’s data for floral change?). 
 Future work on the influence of the EECO on mammalian faunas of the Western 
Interior might be directed towards the influence of this climatic event on faunal 
provinciality. This would require diversity and relative abundance analyses for all 
relevant faunas, and comparisons of results among basins in order to investigate patterns 
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of similarity through time. The recognition of different ecosystems in separate basins 
may also lead to a better understanding of biostratigraphy and help identify geographic 
limits for the utility of index taxa. 
 The fossil mammal fauna from Raven Ridge spans the Graybullian (Wa3-5) 
through Blacksforkian (Br1b-Br2) biozones, which is a greater window of time than is 
captured by any other documented North American EECO locality. The biostratigraphic 
and lithostratigraphic framework established by this study provide an excellent starting 
point for further research investigating climatic changes during the EECO in North 
America, and how they correlate with patterns of change in faunal composition and 
ecological structure. Ideally, paleoecological studies associated with intervals of 
changing climate such as the EECO should help predict the impacts of modern (and 
future) climate change on the biota with which we interact on a daily basis. 
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APPENDIX A: Measured Sections 
 
These sections were measured over the course of two three field seasons (2007-09) using 
a 1.5m ranging pole with an attached Abney level. All meter levels are measured relative 
to the base of the Goniobasis limestone layer which is used as a datum. While these 
sections have been measured perpendicular to strike, there was also a certain amount of 
movement along strike in order to measure through as much exposed outcrop as possible. 
This is the primary reason that the base and top of sections may not form a line 
perpendicular to strike. 
 
Section 1: North side of Mormon Gap. 
Base of section: UTM 12T, North 0669072, East 4446099 
Strike: 290o 
Dip: 25o SW 
 
Meter Level Layer description/sample(s) collected (strat. level in brackets) 
 
-158.9– -158.5m Coarse red sandstone, poorly consolidated 
   07-184 (-158.7m) 
-158.5– -149.6m Cover 
-149.6– -149.3m Coarse yellow sandstone 
   07-185 (-149.5m) 
-149.3– -148.4m Cover 
-148.4– -148.1m Coarse red sandstone 
   07-186 (-148.3m) 
-148.1– -144.2m Light grey mud 
   07-187 (-146.1m) 
-144.2– -143.7m Dark grey calcareous mud 
   07-188 (-144.0m) 
-143.7– -128.7m Cover 
-128.7– -128.1m Coarse grey sandstone 
   07-189 (-128.4m) 
-128.1– -126.6m Cover 
-126.6– -126.3m Dark grey shale 
   07-190 (-126.4m) 
-126.3– -124.3m Cover 
-124.3– -123.9m Coarse grey sandstone 
   07-191 (-124.1m) 
-123.9– -122.6m Cover 
-122.6– -118.1m Coarse yellow sandstone with cross-beds 
   07-192 (-120.4m) 
-118.1– -115.0m Mottled purple mudstone 
   07-193 (-116.6m) 
-115.0– -114.9m Coarse-Medium grained yellow sandstone 
   07-194 (-115.0m) 
-114.9– -104.8m Cover 
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-104.8– -103.3m Massive, coarse-grained grey sandstone 
   07-195 (-104.0m) 
-103.3– -98.8m Mottled grey-green mudstone 
   07-196 (-101.0m) 
-98.8– -87.3m  Mottled grey-tan mudstone 
   07-197 (-92.5m) 
-87-3– -82.3m  Cover 
-82.3– -81.8m  Fine grained, planar bedded, grey sandstone 
   07-198 (-82.0m) 
-81.8– -67.4m  Cover 
-67.4– -63.6m Fine grained red sandstone with alternating massive and planar 
bedding 
   07-199 (-65.5m) 
-63.6– -60.7m  Cover 
-60.7– -59.1m  Massive, fine grained, poorly cemented grey sandstone 
   07-200 (-59.9m) 
-59.1– -54.9m  Cover 
-54.9– -54.2m  Medium-coarse grained, calcareous sandstone with Goniobasis 
   07-202 (-54.2m) 
-54.2– -53.5m  Cover 
-53.5– -53.0m  Very coarse, massive red sandstone 
   07-201 (-53.2m) 
-53.0– -50.7m  Cover 
-50.7– -50.2m  Fine grained, extremely well cemented grey limestone 
   07-203 (-50.4m) 
-50.2– -49.7m  Cover 
-49.7– -49.3m  Very fine grained calcareous mudstone 
   07-204 (-49.5m) 
-49.3– -46.8m  Cover 
-46.8– -46.1m  Medium grained, platy grey limetstone 
   07-205 (-46.4m) 
-46.1– -44.6m  Cover 
-44.6– -44.3m  Coarse grained, grey-pink limestone 
   07-206 (-44.4m) 
-44.3– -39.9m  Cover 
-39.9– -38.7m  Very fine grained, well cemented grey limestone 
   07-207 (-39.3m) 
-38.7– -35.7m  Cover 
-35.7– -35.1m  Massive, yellow-grey, fine grained limestone 
   07-208 (-35.4m) 
-35.1– -24.6m  Cover 
-24.6– -14.6m  Mottled purple-grey mudstone 
   07-209 (-19.6m) 
-14.6– -13.0m  Fine grained, massive yellow sandstone 
   07-210 (-13.8m) 
-13.0– -0.0m  Cover 
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0.0–1.0m Grey limestone with Goniobasis 
1.0–5.0m Cover 
5.0–5.7m Medium grained, well cemented, yellow limestone (cap of Raven 
Ridge) 
 07-211 (5.4m) 
5.7–8.3 Cover 
8.3–8.6 Fine grained, yellow-grey limestone 
 07-212 (8.4m) 
8.6–20.6m Cover 
20.6–21.1m Massive, coarse grained calcareous sandstone 
 07-213 (20.8m) 
21.1–25.2m Cover 
25.2–25.7m Fine grained, planar laminated, grey limestone 
 07-214 (25.4m) 
25.7–39.2m Cover 
39.2–40.7m Medium grained, yellow calcareous sandstone 
 07-215 (40.0m) 
40.7–55.4m Dark grey shaley mudstone 
 07-216 (48.0m) 
55.4–55.7m Very fine grained, white calcareous sandstone with planar 
laminations 
 07-217 (55.6m) 
55.7–65.3m Grey-green shale 
 07-218 (60.5m) 
65.3–65.5m Fine grained grey limestone 
 07-219 (65.4m) 
65.5–77.5m Light grey-yellow mudstone 
 07-220 (71.5m) 
77.5–85.0m Light grey shale 
 07-221 (81.4m) 
85.0–85.1m Light grey mudstone 
 07-222 (85.0m) 
85.1–96.1m Grey-blue shale/mudstone 
 07-223 (90.5m) 
96.1–96.7m Fine grained, calcareous red sandstone with planar laminations 
 07-224 (96.4m) 
96.7–156.7m Dark grey shale bed 
 07-225A (111.7m) 
 07-225B (136.2m) 
156.7–156.9m Very fine grained, calcareous grey sandstone with ichnofossils 
 07-226 (156.8m) 
156.9–157.5m Cover 
157.5–158.1m Light grey shale 
 07-227 (157.8m) 
158.1–166.1m Dark grey shale 
 07-228 (162.1m) 
 288
166.1–166.6m Fine grained, massive, grey limestone 
 07-229 (166.4m) 
166.6–177.1m Dark grey shale 
 07-230 (171.8m) 
177.1–181.6m Fine grained, tabular, calcareous grey sandstone 
 07-231 (179.4m) 
181.6–187.1m Medium grained, tabular/massive, calcareous grey sandstone 
 07-232 (184.4m) 
187.1–208.1m Light grey shaley mudstone 
 07-233 (197.6m) 
208.1–211.1m Fine grained, calcareous yellow sandstone with planar bedding 
 07-234 (209.6m) 
211.1–212.6m Cover 
212.6–213.6m Fine grained, calcareous yellow sandstone 
 07-235 (213.1m) 
213.1–220.1m Cover 
220.1–221.6m Medium grained, well cemented, red-yellow calcareous sandstone 
(capstone of Squaw Ridge) 
 07-236 (220.8m) 
 
Top of Section 1: UTM 12T, North 0668154, East 4446277 
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Section 2: Based on locality 85262 (CPL-2) on Doi’s ‘basal conglomerate’ 
Base of section: UTM 12T, North 0664476, East 4451459 
Strike: 315o 
Dip: 25o Southwest 
 
Meter Level Layer description/sample(s) collected (strat. level in brackets) 
 
-188.9– -187.7 Well cemented, grey conglomerate 
 Basal cgl. (-188.3m) 
-187.7– -142.4m Cover 
-142.4– -140.3m Very fine grained grey limestone 
 08-002 (-141.4m) 
-140.3– -137.4m Cover 
-137.4– -136.7m Very fine grained grey limestone with planar laminations 
 08-003 (-137.0m) 
-136.7– -105.8m Cover 
-105.8– -104.3m Medium to coarse grained red sandstone 
 08-004 (-105.0m) 
-104.3– -102.7m Coarse grey sandstone 
 08-005 (-103.5m) 
-102.7– -94.0m Cover 
Dip adjusted to 23o Southwest 
-94.0– -92.4m Medium grained yellow-red sandstone, poorly consolidated 
 08-006 (-93.2m) 
-92.4– -88.0m Cover 
-88.0– -85.0m Grey mudstone 
 08-024 (-86.5m) 
-85.0– -77.0 Yellow-brown mudstone 
 08-025 (-81.0m) 
-77.0– -70.8 Mottled purple-grey mudstone 
 08-026 (-73.9m) 
-70.8– -70.1 Fine grained grey-red limestone 
 08-027 (-70.5) 
-70.1– -67.1 Mottled purple-grey mudstone 
 08-014 (-68.6m) 
-67.1– -66.2m Medium grained grey calcareous sandstone 
 08-015 (-66.6m) 
-66.2– -63.2m Cover 
-63.2– -51.9m Mottled grey-green mudstone 
 08-028 (-63.0m) 
 08-029 (-57.0m) 
-51.9– -48.6m Very fine grained, massive yellow limestone 
 08-030 (-50.2m) 
-48.6– -13.8m Mottled brown-red mudstone 
 08-031 (-43.6m) 
 08-032 (-37.6m) 
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 08-033 (-31.8) 
 08-034 (-25.8) 
 08-035 (-19.8) 
-13.8– -10.2m Mottled grey-green mudstone 
 08-036 (-12.0m) 
-10.2– -9.2m Grey mudstone 
-9.2– -0.0m Dark brown-red mudstone 
 08-037 (-7.2m) 
 08-038 (-1.2m) 
0.0–3.8m Three separate grey limestone beds with Goniobasis 
 08-022 (1.9m) 
3.8–3.9m Very fine grained yellow calcareous sandstone (cap of Raven 
Ridge) 
 08-041 (3.9m) 
Traversed North along strike to improve outcrop for rest of section. Recommenced 
section at UTM 12, North 0663060, East 4452240 using same strike and dip. 
 
3.9–23.0m  Cover 
23.0–25.4m  Fine grained, well cemented red-yellow limestone 
   08-043 (24.2m) 
25.4–28.4m  Fine grained, very well cemented, massive yellow limestone 
28.4–29.9m  Cover 
29.9–31.8m  Fine grained grey-yellow limestone 
   08-044 (30.8m) 
31.8–40.3m  Cover 
40.3–42.3m  Fine grained, massive yellow limestone 
   08-045 (41.3m) 
42.3–49.9m  Cover 
49.9–50.2m  Fine-medium grained yellow limestone 
   08-046 (50.1m) 
50.2–60.7m  Cover 
60.7–60.8m  Fine grained red-yellow limestone 
   08-047 (60.8m) 
60.8–72.0m  Cover 
72.0–73.8m  Mottled grey-green mudstone 
   08-048 (72.9m) 
73.8–79.0m  Cover 
79.0–79.2m  Medium grained, poorly consolidated, massive yellow sandstone 
   08-049 (79.1m) 
79.2–83.6m  Interbedded massive yellow limestones and grey mudstones 
83.6–83.8m  Fine grained massive yellow limestone 
   08-050 (83.7m) 
83.8–132.9m  Cover 
132.9–144.9m  Light grey mudstone/shale 
   08-051 (133.0m) 
   08-052 (139.0m) 
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144.9–147.6m  Fine grained, massive yellow limestone 
   08-053 (146.3m) 
147.6–162.4m  Cover 
162.4–162.8m  Fine grained, platy yellow limestone 
   08-054 (162.6m) 
162.8–163.4m  Coarse, massive, calcareous yellow sandstone with gravel clasts 
   08-055 (163.1m) 
163.4–190.9m  Cover 
190.9–214.9m  Mottled, loosely consolidated red-brown mudstone 
   08-056 (192.0m) 
   08-057 (198.0m) 
   08-058 (206.0m) 
214.9–220.0m  Mottled grey mudstone 
   08-059 (217.0m) 
220.0–235.0m  Red-yellow mud. Possibly modern alluvium. 
   08-060 (226.0m) 
235.0–237.8m  Fine grained, planar bedded yellow limestone 
   08-061 (236.4m) 
237.8–242.1m  Fine grained, massive yellow limestone 
   08-062 (240.0m) 
242.1–248.3m  Cover 
248.3–251.3m  Fine grained, platy yellow limestone 
   08-063 (249.8m) 
251.3–266.3m  Cover 
266.3–281.3m  Light grey shale 
   08-064 (273.3m) 
281.3–284.2m  Fine grained, yellow-grey limestone with planar beds 
   08-065 (282.8m) 
284.2–333.2m  Grey-green shale 
   08-066 (290.0m) 
   08-067 (298.0m) 
   08-068 (308.0m) 
   08-069 (320.0m) 
333.2–338.7m  Fine grained, poorly consolidated, planar yellow limestone 
   08-070 (335.9m) 
338.7–340.6m  Coarse, massive yellow limestone 
   08-071 (339.7m) 
340.6–341.1m  Coarse, well cemented yellow limestone (cap of Squaw Ridge) 
   08-072 (340.9m) 
341.1–341.6m  Fine grained, calcareous yellow sandstone 
   08-074 (341.3m) 
341.6–345.1m  Cover 
345.1–346.6m  Fine grained, calcareous yellow sandstone 
   08-075 (345.9m) 
346.6–347.8m  Cover 
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347.8–349.2m  Fine grained, calcareous yellow sandstone 
   08-076 (348.5m) 
349.2–352.1m  Cover 
352.1–352.3m  Very fine grained, calcareous yellow sandstone 
   08-077 (352.2m) 
352.3–353.8m  Cover 
353.8–354.8m  Fine grained, calcareous yellow sandstone 
   08-078 (354.3m) 
354.8–356.2m  Cover 
356.2–357.7m  Fine grained, massive, calcareous yellow sandstone 
   08-079 (357.0m) 
357.7–358.8m  Cover 
358.8–358.9m  Fine grained, calcareous yellow sandstone 
358.9–360.5m  Cover 
360.5–360.6m  Fine grained, calcareous yellow sandstone 
   08-080 (361.3m) 
360.6–362.1m  Cover 
362.1–362.3m  Fine grained, calcareous yellow sandstone 
362.3–365.1m  Cover 
365.1–366.3m  Fine grained, platy, calcareous yellow sandstone 
   08-081 (365.7m) 
366.3–369.2m  Fine grained, platy, calcareous yellow sandstone 
   08-082 (369.0m) 
369.2–373.4m  Cover 
373.4–373.6m  Fine grained, well cemented, calcareous yellow sandstone 
   08-083 (373.5m) 
373.6–374.1m  Grey-yellow shale 
   08-084 (373.9m) 
374.1–375.0m  Fine grained, platy, calcareous yellow sandstone 
   08-085 (374.5m) 
375.0–379.6m  Cover 
379.6–381.1m Interbedded fine grained platy/massive calcareous yellow 
sandstone 
   08-086 (380.4m) 
381.1–382.3m  Cover 
382.3–382.5m  Fine grained, calcareous yellow sandstone 
   08-087 (382.4m) 
382.5–387.9m  Cover 
387.9–388.5m  Fine grained, calcareous yellow sandstone 
   08-088 (388.2m) 
388.5–390.7m  Cover 
390.7–392.9m  Medium grained, massive, calcareous yellow sandstone 
   08-089 (391.8m) 
392.9–399.6m  Cover 
399.6–399.7m  Fine grained, massive, calcareous yellow sandstone 
   08-090 (399.7m) 
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399.7–403.6m  Cover 
403.6–404.1m  Fine-medium grained, massive, calcareous grey-yellow sandstone 
   08-091 (403.9m) 
404.1–411.6m  Cover 
411.6–414.3m  Very fine grained, massive, calcareous yellow sandstone 
   08-092 (412.9m) 
414.3–424.8m  Cover 
424.8–425.8m  Very fine grained, calcareous yellow sandstone 
   08-093 (425.3m) 
425.8–430.2m  Cover 
430.2–434.1m  Very fine grained, massive, calcareous yellow sandstone 
   08-094 (432.2m) 
434.1–436.5m  Cover 
436.5–437.6m  Fine grained, well cemented, massive, calcareous yellow sandstone 
   08-095 (437.1m) 
437.6–438.3m  Cover 
438.3–438.6m  Fine grained, calcareous yellow sandstone 
   08-096 (438.5m) 
438.6–439.3m  Cover 
439.3–439.6m  Fine grained, massive, grey limestone 
   08-097 (439.5m) 
439.6–440.3m  Cover 
440.3–440.5m  Fine grained, calcareous yellow sandstone 
   08-098 (440.4m) 
440.5–442.3m  Cover 
442.3–444.8m  Fine grained, well cemented, grey-purple calcareous sandstone 
   08-099 (443.5m) 
444.8–451.4m  Yellow mudstone 
   08-100 (450.6m) 
451.4–451.5m  Very fine grained, calcareous red sandstone with oscillation ripples 
   08-101 (451.5m) 
451.5–452.9m  Cover 
452.9–453.0m  Very fine grained, well cemented, calcareous red sandstone 
   08-102 (453.0m) 
453.0–457.3m  Tabular red mudstone 
   08-103 (456.0m) 
457.3–457.6m  Fine grained, well cemented, platy, calcareous red sandstone 
   08-104 (457.5m) 
457.6–459.4m  Cover 
459.4–460.0m  Fine grained, poorly cemented, calcareous yellow sandstone 
   08-105 (459.7m) 
460.0–461.0m  Cover 
461.0–461.5m  Fine grained, massive, calcareous yellow sandstone 
   08-106 (461.3m) 
461.5–462.4m  Cover 
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462.4–462.5m  Fine grained, well cemented, massive, calcareous yellow sandstone 
   08-107 (462.5m) 
462.5–463.0m  Cover 
463.0–463.1m  Fine grained, massive, calcareous purple-yellow sandstone 
   08-108 (463.1m) 
463.1–464.0m  Cover 
464.0–464.1m  Fine grained grey sandstone 
   08-109 (464.1m) 
464.1–465.2m  Cover 
465.2–466.0m  Fine grained, platy, dark grey-brown sandstone 
   08-110 (465.6m) 
466.0–478.5m  Grey-green mudstone 
   08-111 (470.5m) 
478.5–478.7m  Fine grained, massive, grey sandstone 
   08-112 (478.6m) 
478.7–479.8m  Cover 
479.8–481.0m  Medium grained, massive grey sandstone with pebbles 
   08-113 (480.4m) 
481.0–484.9m  Cover 
484.9–485.6m  Very fine grained, platy, calcareous yellow sandstone 
   08-114 (485.3m) 
485.6–486.2m  Cover 
486.2–487.0m  Fine grained, platy, calcareous yellow sandstone 
   08-115 (486.6m) 
487.0–489.7m  Cover 
489.7–489.8m  Fine grained, calcareous yellow sandstone 
   08-116 (489.8m) 
489.8–491.3m  Light brown mudstone 
   08-117 (490.6m) 
491.3–492.6m  Light brown-tan mudstone with planar bedding 
   08-118 (492.0m) 
492.6–492.8m  Fine grained, platy, dark grey-brown sandstone 
   08-119 (492.7m) 
492.8–498.5m  Light grey shale 
   08-120 (496.0m) 
498.5–500.0m  Very fine grained, platy, calcareous yellow sandstone 
   08-121 (499.2m) 
Dip adjusted to 27o Southwest 
500.0–502.1m  Very fine grained, platy, calcareous yellow sandstone 
   08-122 (501.0m) 
502.1–503.8m  Very fine grained, platy, calcareous yellow sandstone 
   08-123 (502.9m) 
503.8–504.0m Very fine grained grey, calcareous sandstone with oscillation 
ripples 
   08-124 (503.9) 
504.0–506.3m  Cover 
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506.3–507.6m  Very fine grained, platy, yellow-grey sandstone 
   08-125 (507.0m) 
507.6–509.9m  Cover 
509.9–516.9m Fine grained, interbedded platy and massive, calcareous yellow 
sandstones with lenses of dark grey-brown sandstone 
   08-126 (512.0m) 
   08-127 (515.0m) 
516.9–518.0m  Grey-green mudstone 
   08-128 (517.5m) 
518.0–519.6m  Very fine grained, massive, calcareous yellow sandstone 
   08-129 (518.8m) 
519.6–520.8m  Light grey shale 
   08-130 (520.2m) 
520.8–526.2m Interbedded very fine grained, platy, calcareous yellow sandstone 
and light grey mudstone 
   08-131 (523.8m) 
526.2–619.3m  Light to dark grey shale bed 
   08-132 (530.7m) 
   08-133 (536.4m) 
   08-134 (537.4m) 
   08-135 (543.5m) 
   08-136 (549.5m) 
   08-137 (555.5m) 
   08-138 (559.5m) 
   08-139 (565.5m) 
   08-140 (571.5m) 
   08-141 (577.5m) 
   08-142 (583.5m) 
   08-143 (589.5m) 
   08-144 (595.5m) 
   08-145 (601.5m) 
   08-146 (607.5m) 
   08-147 (613.5m) 
619.3–619.6m  Fine grained red sandstone 
   08-148 (619.5m) 
619.6–649.1m  Light grey shale 
   08-149 (625.6m) 
   08-150 (631.6m) 
   08-151 (637.6m) 
   08-152 (643.6m) 
649.1–649.4m  Very fine grained calcareous grey sandstone 
   08-153 (649.3m) 
649.4–655.4m  Light grey shale 
655.4–655.6m Very fine grained calcareous grey sandstone with oscillation 
ripples 
   08-154 (655.5m) 
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655.6–659.4m  Light grey shale 
659.4–659.6m  Very fine grained, well cemented, calcareous grey sandstone 
   08-155 (659.5m) 
659.6–676.3m  Light grey shale 
   08-156 (665.6m) 
   08-157 (671.6m) 
676.3–676.6m  Light grey, well cemented limestone 
   08-158 (676.5m) 
676.6–680.6m  Light grey shale 
680.6–683.0m  Light yellow-grey limestone 
   08-159 (681.8m) 
683.0–694.1m  Light grey shale 
   08-160 (690.0m) 
694.1–696.4m  Medium grained red sandstone 
   08-161 (695.3m) 
696.4–697.9m  Find grained red sandstone 
   08-162 (697.2m) 
697.9–699.1m  Light grey shale 
   08-163 (698.5m) 
699.1–699.5m  Fine grained grey sandstone with pebbles 
   08-164 (699.3m) 
699.5–700.7m  Light grey shale 
700.7–700.8m  Coarse grey sandstone 
700.8–702.9m  Light grey shale 
702.9–705.9m  Fine grained, yellow sandstone 
705.9–706.3m  Medium grained, massive, red sandstone 
   08-165 (706.1m) 
706.3–711.0m  Light grey shale 
711.0–712.6m  Fine grained, massive, calcareous yellow sandstone 
   08-166 (711.8m) 
712.6–716.9m  Grey-green mudstone 
716.9–717.1m  Fine grained, calcareous yellow sandstone 
   08-167 (717.0m) 
717.1–720.9m  Grey mudstone 
720.9–721.0m  Fine grained, calcareous red sandstone 
   08-168 (721.0m) 
721.0–725.4m  Light grey shale 
   08-169 (723.2m) 
725.4–725.5m  Fine grained, calcareous yellow sandstone 
725.5–734.5m  Light brown mudstone 
734.5–736.0m  Dark grey shale 
   08-170 (735.3m) 
736.0–738.3m  Light brown mudstone 
738.3–739.5m  Fine grained red sandstone 
739.5–742.5m  Grey-green mudstone/shale 
   08-171 (741.0m) 
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742.5–743.6m  Light brown-tan mudstone 
743.6–743.8m  Fine grained, calcareous yellow sandstone 
743.8–746.2m  Grey mudstone 
746.2–747.0m  Fine grained, calcareous red sandstone 
   08-172 (746.6m) 
747.0–755.4m  Light grey-green shale 
   08-173 (753.0m) 
755.4–755.7m  Fine grained red sandstone 
755.7–758.0m  Light brown mudstone 
758.0–758.6m  Fine grained, very well cemented, calcareous yellow sandstone 
   08-174 (758.3m) 
758.6–762.6m  Light grey mudstone 
762.6–764.0m  Fine grained, well cemented, massive, calcareous yellow sandstone 
   08-175 (763.3m) 
764.0–766.4m  Light grey-green mudstone 
   08-176 (765.2m) 
766.4–766.6m  Fine grained, massive, calcareous red sandstone 
   08-177 (766.5m) 
 
Top of section 2: UTM 12T, North 0660878, East 4451625 
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Section 3: Based above campsite 
Base of section: UTM 12T, North 0660581, East 4456157 
Strike: 310o 
Dip: 18o Southwest 
 
-92.6– -90.1m Mottled purple mudstone 
 07-147 (-91.4m) 
-90.1– -88.7m Mottled light grey mudstone 
 07-148 (-89.4m) 
-88.7– -81.2m Mottled purple mudstone 
 07-149 (-85.0m) 
-81.2– -79.7m Mottled grey-white mudstone 
 07-150 (-80.5m) 
-79.7– -78.2m Mottled purple mudstone 
 07-151 (-79.0m) 
-78.2– -76.7m White mudstone 
 07-152 (-77.5m) 
-76.7– -75.2m Mottled purple mudstone 
 07-153 (-76.0m) 
-75.2– -70.8m Light grey-white mudstone 
 07-154 (-73.0m) 
-70.8– -70.1m Fine grained, light grey sandstone 
 07-155 (-70.5m) 
-70.1– -67.9m Light grey mudstone 
 07-156 (-69.0m) 
-67.9– -64.9m Mottled purple mudstone 
 07-157 (-66.4m) 
-64.9– -61.5m Light grey mudstone 
 07-158 (-63.2m) 
-61.5– -51.0m Mottled purple-orange mudstone 
 07-159 (-56.3m)) 
-51.0– -47.0m Mottled grey-orange mudstone 
 07-160 (-49.0m) 
-47.0– -41.0m Light grey mudstone 
 07-161 (-44.0m) 
-41.0– -35.0m Mottled purple mudstone 
 07-162 (-38.0m) 
-35.0– -30.5m Mottled olive-orange mudstone 
 07-163 (-32.8m) 
-30.5– -28.3m Medium grained, grey sandstone with planar bedding 
 07-164 (-29.4m) 
-28.3– -23.8m Light grey mudstone 
 07-165 (-26.1m)) 
-23.8– -21.2m Mottled orange-purple mudstone 
 07-166 (-22.5m) 
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-21.2– -19.3m Light grey-green mudstone 
 07-167 (-20.3m) 
-19.3– -9.3m Mottled orange-purple mudstone 
 07-168 (-14.3m) 
-9.3– -7.5m Light grey mudstone 
 07-169 (-8.4m) 
-7.5– -0.0m Mottled purple mudstone 
 07-170 (-3.8m) 
Dip adjusted to 22o Southwest. Strike remains unchanged. 
0.0–0.6m Very fine grained, well cemented, limestone with Goniobasis 
 07-171 (0.3m) 
0.6–10.6m Light grey mudstone 
 07-172 (5.6m) 
10.6–11.1m Fine grained, massive, calcareous red-yellow sandstone with 
gastropods 
 07-173 (10.9m) 
11.1–12.6m Cover 
12.6–13.5m Fine grained, well cemented, light grey limestone with planar beds 
 07-174 (13.1m) 
13.5–15.2m Fine grained, massive, calcareous yellow sandstone 
 07-175 (14.4m) 
15.2–16.7m Cover 
16.7–17.0m Very fine grained, platy, light grey sandstone 
 07-176 (16.9m) 
17.0–18.3m Cover 
18.3–18.6m Very fine grained, well cemented, platy, calcareous grey sandstone 
 07-177 (18.5m) 
18.6–25.7m Cover 
25.7–29.2m Fine grained, light grey calcareous sandstone 
 07-178 (26.5m) 
29.2–34.4m Cover 
34.4–34.8m Fine grained, well cemented, calcareous red sandstone 
 07-179 (34.6m) 
34.8–38.3m Cover 
38.3–39.2m Fine grained, well cemented, calcareous red sandstone with planar 
beds 
 07-180 (38.8m) 
39.2–39.8m Cover 
39.8–40.9m Fine grained, well sorted, calcareous red sandstone 
 07-181 (40.4m) 
40.9–43.3m Very fine grained, well cemented, calcareous red sandstone with 
planar beds (cap stone of Raven Ridge) 
 07-182 (41.6m) 
 07-183 (42.8m) 
43.4–52.4m Fine grained, massive, calcareous yellow sandstone 
52.4–55.0m Cover 
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55.0–64.5m Fine grained, massive, calcareous yellow sandstone 
64.5–112.5m Cover (alluvium) 
112.5–112.8m Fine grained, platy, calcareous yellow sandstone 
112.8–141.3m Cover (alluvium) 
141.3–148.8m Light grey-green mudstone 
148.8–157.0m Mottled grey-orange mudstone 
157.0–157.5m Fine grained, platy, calcareous yellow sandstone 
Adjusted dip to 19o Southwest. Strike remains unchanged. 
157.5–187.5m Cover 
187.5–187.6m Fine grained, massive, light grey calcareous sandstone 
187.6–189.8m Light grey mudstone 
189.8–191.4m Mottled grey-white mudstone 
191.4–192.3m Mottled grey-green mudstone 
192.3–194.2m Mottled red-brown mudstone 
194.2–197.2m Mottled grey-green mudstone 
197.2–198.4m Fine grained, platy, calcareous yellow sandstone 
198.4–210.4m Cover 
210.4–240.4m Mottled light grey mudstone 
240.4–255.4m Interbedded fine grained calcareous yellow sandstones with planar 
beds and light grey mudstones. Beds tend to be 20 to 30 cm thick. 
255.4–273.4m Mottled light grey-white mudstone 
273.4–291.4m Mottled grey-green mudstone 
291.4–291.7m Fine grained, platy, calcareous grey sandstone 
291.7–295.3m Cover 
295.3–295.6m Fine grained, platy, calcareous grey sandstone 
295.6–301.4m Cover 
301.4–301.9m Fine grained, well cemented, calcareous red sandstone 
301.9–304.2m Fine grained, massive, calcareous yellow sandstone 
304.2–306.3m Cover 
306.3–314.1m Fine grained, interbedded massive and platy, calcareous yellow 
sandstone 
314.1–316.2m Cover 
316.2–316.9m Fine grained, very well cemented, massive, calcareous red 
sandstone 
 (cap stone of Squaw Ridge) 
 08-190 (316.6m) 
Adjusted dip to 20o Southwest. Strike remains unchanged. 
316.9–323.8m Cover 
323.8–324.4m Interbedded fine grained, planar bedded, calcareous yellow 
sandstone and medium grained, calcareous yellow sandstone with 
gravel clasts and cross beds 
 08-191 (324.0m) 
 08-192 (324.3m) 
324.4–332.9m Fine grained, calcareous yellow sandstone with planar beds 
 08-193 (325.0m) 
 08-194 (331.0m) 
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332.9–337.7m Fine grained, massive, calcareous yellow sandstone 
 08-195 (336.0m) 
337.7–339.5m Cover 
339.5–349.1m Fine grained, massive, calcareous grey-yellow limestone with 
pebbles 
 08-196 (344.0m) 
 08-197 (349.0m) 
349.1–352.0m Cover 
352.0–352.3m Medium grained, calcareous grey sandstone 
 08-199 (352.2m) 
352.3–367.3m Mottled grey-green mudstone 
 08-200 (355.3m) 
 08-201 (361.3m) 
367.3–368.8m Medium grained, calcareous grey-yellow sandstone 
 08-202 (368.0m) 
368.8–373.1m Fine grained, calcareous grey sandstone 
 08-203 (370.9m) 
373.1–375.6m White mudstone 
375.6–386.4m Mottled yellow mudstone 
 08-204 (380.6m) 
386.4–388.6m Fine grained, calcareous yellow sandstone with planar beds 
 08-205 (387.5m) 
388.6–390.5m Cover 
390.5–394.7m Fine grained, massive, calcareous yellow sandstone, can be 
correlated to the Powder Wash locality (loc. 83219) 
 08-206 (392.6m) 
394.7–402.5m Mottled grey mudstone 
 08-207 (400.7m) 
402.5–448.9m Interbedded massive-planar bedded calcareous yellow sandstones, 
with occasional gravel lag deposits, and light-dark grey shales. 
Sandstones tend to be several meters thick while shales are only 
half a meter or so. 
 08-208 (407.5m) 
 08-209 (413.5m) 
 08-210 (419.5m) 
 08-211 (425.5m) 
 08-212 (431.5m) 
 08-213 (437.5m) 
 08-214 (443.5m) 
448.9–577.0m Light-dark grey shale 
 08-215 (450.0m) 
 08-216 (456.0m) 
 08-217 (462.0m) 
 08-218 (468.0m) 
 08-219 (474.0m) 
 08-220 (480.0m) 
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 08-221 (486.0m) 
 08-222 (492.0m) 
 08-223 (498.0m) 
 08-224 (504.0m) 
 08-225 (506.0m) 
 08-226 (515.0m) 
 08-227 (521.0m) 
 08-228 (522.6m) 
 08-229 (528.6m) 
 08-230 (534.6m) 
 08-231 (540.6m) 
 08-232 (546.6m) 
 08-233 (552.6m) 
 08-234 (558.6m) 
 08-235 (564.6m) 
 08-236 (570.6m) 
577.0–577.3m Medium grained, grey-brown sandstone with crossbeds and 
lenticular bedding 
 08-237 (577.2m) 
577.3–585.5m Light grey shale 
 08-238 (583.2m) 
585.5–586.3m Very fine grained, calcareous, grey-yellow sandstone with 
crossbeds 
 08-239 (585.9m) 
586.3–592.3m Light grey shale 
 08-240 (591.3m) 
592.3–594.2m Very fine grained, well cemented, massive, calcareous yellow 
sandstone 
 08-241 (593.3m) 
 
Top of section 3: UTM 12T, North 0658580, East 4454690 
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Section 4: This section is measured from the Green River/Colton contact on the East side 
of Raven Ridge, through localities 92030, 92029, and 92138. Lithological data 
was only collected for a short distance at the top of the section that can be tied 
lithologically to the Powder Wash locality. The lithologically informative part 
of the section is based just east of the old Bonanza highway at three well-
cemented limestone beds, the second of which is correlated to the Powder 
Wash locality (loc. 83219). 
Base of lithological portion of section: UTM 12T, North 0656926, East 4457084 
Strike: 318o 
Dip: 24o Southwest 
 
0m Colton/Green River formational contact 
Dip set at 15o 
172m Loc. 92030 
Dip varies between 13o and 19o 
438m Loc. 92029 
Dip set at 24o 
465m Loc. 92138 
489m Loc. 92139 
701.2–705.7m Very fine grained, well cemented, calcareous grey sandstone 
 08-312 (703.5m)  
705.7–710.0m Cover 
710.0–710.2m Very fine grained, well cemented, calcareous grey sandstone, can 
be correlated lithologically with Powder Wash locality (loc. 
83219) 
 08-313 (710.1m) 
710.2–712.4m Cover 
712.4–713.8m Fine grained, massive, calcareous yellow sandstone 
 08-314 (713.1m) 
713.8–717.9m Grey-green shale 
 08-315 (715.8m) 
717.9–719.5m Very fine grained, calcareous grey sandstone with planar beds 
 08-316 (718.7m) 
719.5–722.2m Light grey mudstone 
722.2–723.7m Very fine grained, massive, calcareous yellow sandstone 
 08-317 (723.0m) 
723.7–734.2m Interbedded medium-fine grained, massive, yellow-white 
sandstones, fining upwards, planar beds for last 2.0m 
 08-318 (729.7m) 
 08-319 (733.7m) 
734.2–744.5m Very fine grained, massive, well cemented, calcareous grey 
sandstone with some burrow traces 
 08-320 (740.0m) 
744.5–748.2m Fine grained, massive, well cemented, calcareous light grey 
sandstone with small (>1cm) concretions 
 08-321 (746.0m) 
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748.2–750.8m Medium grained, well cemented, calcareous grey sandstone with 
Goniobasis 
 08-322 (749.5m) 
750.8–762.8m Conglomerate with very fine grained, calcareous matrix and chert 
pebbles up to 5cm in diameter 
 08-323 (757.0m) 
762.8–767.0m Fine grained, fining upwards, calcareous grey sandstone with 
oscillation ripple marks (~12cm wavelength) 
 08-324 (764.0m) 
767.0–769.8m Cover 
769.8–773.7m Interbedded fine grained, massive, calcareous yellow sandstones 
and fine grained, planar bedded, calcareous yellow sandstones with 
oscillation ripple marks (~5cm wavelength) 
 08-325 (771.8m) 
Traversed Northwest along strike to improve outcrop availability 
773.7–779.4m Cover 
779.4–783.5m Very fine grained, planar bedded, calcareous grey sandstone 
 08-326 (779.6m) 
 08-327 (783.2m) 
783.5–788.4m Cover 
788.4–789.9m Fine grained, massive, calcareous grey sandstone 
 08-328 (789.0m) 
789.9–793.4m Very fine grained, planar bedded, light grey limestone 
 08-329 (792.5m) 
793.4–797.9m Very fine grained, massive, light grey limestone 
 08-330 (796.0m) 
797.9–799.9m Very fine grained, dark grey-purple sandstone 
 08-331 (798.9m) 
799.9–802.7m Cover 
802.7–802.8m Fine grained, massive, dark grey-brown calcareous sandstone 
 08-332 (802.7m) 
802.8–810.3m Cover 
810.3–810.7m Medium grained, well cemented, calcareous red-brown sandstone 
 08-333 (810.5m) 
810.7–813.3m Cover 
813.3–813.6m Very fine grained, calcareous dark brown sandstone 
 08-334 (813.5m) 
813.6–815.9m Tan-red mudstone 
 08-335 (814.8m) 
815.9–816.4m Very fine grained, dark grey-brown, calcareous sandstone 
 08-336 (816.2m) 
816.4–820.9m Fine grained, massive, orange-red calcareous sandstone 
 08-337 (818.6m) 
820.9–841.2m Mottled grey-green mudstone 
 08-338 (830.0m) 
 08-339 (836.0m) 
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841.2–841.7m Fine grained, planar bedded, calcareous yellow sandstone with 
cross-beds in the bottom 2cm 
 08-340 (841.4m) 
841.7–845.5m Conglomerate with fine grained calcareous matrix and small 
pebbles with diameters up to ~5cm, can be traced across old 
Bonanza highway to the top of Section 5 
 08-341 (843.0m) 
 
Top of section 4: UTM 12T, North 0656251, East 4457272 
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Section 5: Through the low ridges West of the old Bonanza highway (Utah State 
Highway 45) 
Base of section: UTM 12T, North 0655573, East 4459544 
Strike: 301o 
Dip: 25o Southwest 
 
387.9–407.7m Light grey, tabular mudstone 
 08-242 (397.8m) 
407.7–410.0m Very fine grained, light grey calcareous sandstone 
 08-243 (408.9m) 
410.0–411.2m Cover 
411.2–412.1m Fine grained, well cemented, calcareous light grey sandstone 
 08-244 (411.6m) 
412.1–421.0m Mottled grey-orange mudstone 
 08-245 (417.6m) 
421.0–475.7m Fine to coarse grained, coarsening upwards, dark grey sandstone 
 08-246 (422.0m) 
 08-247 (431.0m) 
 08-248 (439.4m) 
 08-249 (441.7m) 
 08-250 (441.9m) 
 08-251 (444.2m) 
 08-252 (451.0m) 
 08-253 (458.0m) 
 08-254 (465.0m) 
 08-255 (471.0m) 
475.7–476.1m Medium grained, well cemented, calcareous yellow sandstone with 
planar bedding 
 08-256 (475.9m) 
476.1–476.5m Fine grained, calcareous, light grey sandstone 
 08-257 (476.3m) 
476.5–483.3m Cover 
483.3–483.4m Fine grained, well cemented, red-yellow limestone 
 08-258 (483.4m) 
483.4–489.7m Cover 
489.7–489.9m Fine grained, dark brown, organic rich sandstone 
 08-259 (489.8m) 
489.9–494.9m Cover 
494.9–495.9m Light grey mudstone 
 08-260 (495.4m) 
495.9–500.4m Cover 
500.4–500.6m Fine-medium grained, light grey calcareous sandstone 
 08-261 (500.5m) 
500.6–505.6m Cover 
505.6–506.6m Mottled brown mudstone 
 08-262 (506.1m) 
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506.6–512.6m Cover 
512.6–513.1m Very fine grained, calcareous yellow sandstone with planar 
bedding, this is the North edge of the small ridge West of the old 
Bonanza highway (Utah State Highway 45) 
 08-263 (512.9m) 
513.1–516.8m  Cover 
516.8–517.0m Very fine grained, extremely well cemented, calcareous yellow 
sandstone; this is the ridge forming bed on the South side of the 
small ridge West of the old Bonanza highway 
 08-264 (516.9m) 
517.0–523.8m Cover 
523.8–524.0m Very fine grained, calcareous grey sandstone 
 08-266 (523.9m) 
524.0–529.9m Cover 
529.9–530.1m Fine grained, calcareous light grey sandstone 
 08-265 (530.0m) 
530.1–546.1m Cover 
546.1–549.8m Fine-medium grained, calcareous red-brown sandstone with 
coarser lag deposit lenses that contain bone fragments 
 08-268 (547.9m) 
549.8–550.0m Medium grained, calcareous grey sandstone 
 08-269 (549.9m) 
550.0–552.8m Cover 
552.8–553.2m Medium grained, calcareous grey sandstone 
 08-270 (553.0m) 
553.2–555.5m Cover 
555.5–561.5m Fine grained, interbedded massive and platy light grey calcareous 
sandstones 
 08-271 (556.0m) 
 08-272 (561.0m) 
561.5–563.6m Cover 
563.6–564.3m Fine grained, calcareous yellow sandstone with planar bedding 
 08-273 (564.0m) 
564.3–569.3m Cover 
569.3–570.3m Fine grained, poorly cemented, purple-brown sandstone 
 08-274 (569.8m) 
570.3–575.3m Cover 
575.3–576.3m Mottled grey-tan mudstone 
 08-275 (575.8m) 
576.3–583.8m Cover 
583.8–584.1m Fine grained, massive, calcareous yellow sandstone 
 08-276 (584.0m) 
584.1–585.3m Cover 
585.3–585.4m Fine grained, calcareous grey sandstone 
 08-277 (585.4m) 
585.4–587.2m Cover 
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587.2–587-9m Medium grained, calcareous grey sandstone with some small 
pebbles 
 08-278 (587.5m) 
587.9–592.3m Cover 
592.3–592.4m Fine grained, fissile, calcareous grey sandstone 
 08-279 (592.4m) 
592.4–593.5m Cover 
593.9–603.6m Fine grained, calcareous grey sandstone with interbedded planar 
bedding and massive sections 
 08-280 (594.0m) 
 08-281 (599.0m) 
 08-282 (603.0m) 
603.6–607.7m Cover 
607.7–608.3m Fine grained, calcareous grey sandstone 
 08-283 (608.0m) 
 08-284 (608.0m) 
608.3–614.8m Cover 
614.3–614.5m Fine-medium grained, calcareous red-brown sandstone 
 08-285 (614.4m) 
614.5–615.7m Mottled light grey mudstone 
615.7–616.0m Fine-medium grained, light yellow, calcareous sandstone with 
coarser lenses (lag deposits) that have bone fragments and a croc 
tooth 
 08-286 (615.9m) 
616.0–621.5m Cover 
621.5–622.0m Fine grained, poorly cemented, fissile, calcareous grey sandstone 
 08-287 (621.8m) 
622.0–651.0m Cover 
651.0–652.0m Mottled purple-grey mudstone 
 08-288 (651.5m) 
652.0–655.5m Cover 
655.5–656.5m Mottled purple-grey mudstone 
 08-289 (656.0m) 
656.5–708.0m Cover 
708.0–709.0m Conglomerate with very fine grained, mottled grey matrix and 
larger (~5cm) chert cobbles 
 08-290 (708.5m) 
709.0–750.8m Cover 
750.8–751.0m Fine grained, calcareous grey sandstone with cross bedding 
 08-292 (750.9m) 
751.0–756.0m Cover 
756.0–757.0m Mottled grey-green mudstone 
 08-293 (756.5m) 
757.0–762.0m Cover 
762.0–763.0m Very fine grained, calcareous grey sandstone with planar beds 
 08-294 (762.5m) 
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763.0–773.5m Cover 
773.5–774.5m Very fine grained, calcareous grey sandstone 
 08-291 (774.0m) 
 08-295 (774.0m) 
774.5–777.5m Cover 
777.5–777.6m Fine grained, massive, calcareous grey-yellow sandstone 
 08-296 (777.6m) 
777.6–784.6m Cover 
784.6–784.7m Fine grained, calcareous white sandstone with small concretions 
 08-297 (784.7m) 
784.7–791.2m Cover 
791.2–792.2m Mottled grey-green mustone 
 08-298 (791.5m) 
792.2–796.2m Cover 
796.2–797.2m Very fine grained, white limestone 
 08-299 (796.7m) 
797.2–800.4m Cover 
800.4–801.4m Fine grained, calcareous grey sandstone with burrows and tool 
marks 
 08-300 (800.9m) 
801.4–803.9m Cover 
803.9–804.2m Fine grained, calcareous grey sandstone with planar bedding 
 08-301 (804.1m) 
804.2–812.2m Cover 
812.2–812.6m Fine grained, calcareous grey sandstone with planar bedding 
 08-302 (812.4m) 
812.6–817.6m Cover 
817.6–818.6m Mottled green shaley mudstone 
 08-303 (818.1m) 
818.6–821.2m Cover 
821.2–822.2m Fine-medium grained, calcareous yellow sandstones interbedded 
with grey calcareous shales (3 cycles) 
 08-304A-sandstone (821.5m) 
 08-304B-shale (821.7m) 
822.2–826.9m Cover 
826.9–827.3m Fine grained, calcareous grey sandstone with both massive and 
planar bedding 
 08-305 (827.1m) 
827.3–829.7m Cover 
829.7–838.4m Fine grained, calcareous yellow sandstone with planar bedding 
 08-306 (830.0m) 
 08-307 (835.0m) 
 08-308 (838.0m) 
838.4–839.5m Cover 
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839.9–841.4m Fine grained, massive, well cemented, calcareous red-grey 
sandstone 
 08-309 (840.7m) 
841.7–845.1m Conglomerate with fine grained, calcareous grey matrix and large 
(~5cm in diameter) chert pebbles and cobbles; correlates to sample 
08-341 at the top of section 4 
845.1–845.9m Fine grained, calcareous grey sandstone with planar bedding 
 08-310 (845.5m) 
 
Top of section 5: UTM 12T, North 0655337, East 4458655 
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APPENDIX B: Locality List. Stratigraphic levels are measured relative to the 
Goniobasis layer (see Chapter 2). Ridge Area refers to the division of localities used to 
determine biostratigraphic age (see Chapter 6). 
 
 
UCM Locality Strat. Level (m) Biostratigraphic Age Ridge Area 
83219 461 Blacksforkian (Br1b) North 
85262 -202 Graybullian (Wa3-5) South 
85263 -121 Graybullian (Wa3-5) North 
85264 -63 Lysitean (Wa6) North 
85265 -113 Lysitean (Wa6) North 
86057 -40 Lysitean (Wa6) North 
86135 0 Lostcabinian (Wa7) North 
86136 0 Lostcabinian (Wa7) North 
86137 -27.5 Lostcabinian (Wa7) North 
86138 -27 Lysitean (Wa6) North 
86139 -62 Lysitean (Wa6) North 
86140 -74 Lysitean (Wa6) North 
86141 -79 Lysitean (Wa6) North 
86142 -82 Lysitean (Wa6) North 
86143 -71 Lysitean (Wa6) North 
86144 -61 Lysitean (Wa6) North 
86145 -107 Lysitean (Wa6) North 
86146 -110 Lysitean (Wa6) North 
86147 -46 Lostcabinian (Wa7) North 
86149 -28 Lostcabinian (Wa7) North 
86150 -32 Lostcabinian (Wa7) North 
86151 -67 Lysitean (Wa6) North 
86152 -95 Lysitean (Wa6) North 
86153 -95 Lysitean (Wa6) North 
86154 -120 Lysitean (Wa6) North 
86155 -110 Lysitean (Wa6) North 
86157 -160 Graybullian(Wa3-5) South 
86158 -40 Lostcabinian(Wa7) South 
86159 -36 Lostcabinian (Wa7) South 
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APPENDIX B cont. 
 
86160 -130 Graybullian (Wa3-5) South 
86161 -157 Graybullian (Wa3-5) South 
86162 -127 Graybullian (Wa3-5) South 
86163 -127 Graybullian (Wa3-5) South 
87026 -19 Lostcabinian (Wa7) North 
87027 -74 Lysitean (Wa6) North 
87028 -48 Lostcabinian (Wa7) North 
87029 -19 Lostcabinian (Wa7) North 
87030 -100 Lysitean (Wa6) North 
87031 -105 Lysitean (Wa6) North 
87033 -60 Lysitean (Wa6) North 
87034 -61 Lysitean (Wa6) North 
87035 -85 Lysitean (Wa6) North 
87036 -132 Graybullian (Wa3-5) South 
87038 -151 Graybullian (Wa3-5) South 
87117 408 Gardnerbuttean (Br1a) North 
87119 428 Gardnerbuttean (Br1a) North 
87120 445 Gardnerbuttean (Br1a) North 
87121 421 Gardnerbuttean (Br1a) North 
87122 432 Lostcabinian (Wa7) North 
87123 -110 Lysitean (Wa6) North 
87124 -71 Lysitean (Wa6) North 
87125 -170 Graybullian (Wa3-5) North 
87126 -178 Graybullian (Wa3-5) North 
87128 -129 Graybullian (Wa3-5) South 
87129 -199 Graybullian (Wa3-5) South 
87130 -165 Graybullian (Wa3-5) South 
87131 -169 Graybullian (Wa3-5) South 
87132 -162 Graybullian (Wa3-5) South 
87133 -158 Graybullian (Wa3-5) South 
87135 -137 Graybullian (Wa3-5) South 
87136 -137 Graybullian (Wa3-5) South 
87138 -125 Graybullian (Wa3-5) South 
87139 -74 Lysitean (Wa6) South 
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87140 -131 Graybullian (Wa3-5) South 
87141 -141 Graybullian (Wa3-5) South 
87142 -159 Graybullian (Wa3-5) South 
87143 -75 Lysitean (Wa6) South 
87144 -75 Lysitean (Wa6) South 
87146 -46 Lostcabinian (Wa7) South 
87147 -46 Lostcabinian (Wa7) South 
87148 -30 Lostcabinian (Wa7) South 
87149 -29 Lostcabinian (Wa7) South 
89004 ? Gardnerbuttean (Br1a) North 
89005 -39 Lostcabinian (Wa7) North 
89006 -225 Graybullian (Wa3-5) North 
89007 -160 Graybullian (Wa3-5) South 
89008 767 Blacksforkian (Br1b) North 
89009 -160 Graybullian (Wa3-5) South 
90155 627 Gardnerbuttean (Br1a) North 
90156 575 Gardnerbuttean (Br1a) North 
90157 575 Gardnerbuttean (Br1a) North 
90158 575 Gardnerbuttean (Br1a) North 
90159 536 Gardnerbuttean (Br1a) North 
90160 336 Lostcabinian (Wa7) North 
90161 413 Lostcabinian (Wa7) North 
90162 493 Gardnerbuttean (Br1a) North 
90163 444 Gardnerbuttean (Br1a) North 
90164 410 Gardnerbuttean (Br1a) North 
90165 458 Gardnerbuttean (Br1a) North 
90166 404 Lostcabinian (Wa7) North 
90167 376 Lostcabinian (Wa7) North 
90168 364 Lostcabinian (Wa7) North 
90169 349 Lostcabinian (Wa7) North 
90170 349 Lostcabinian (Wa7) North 
90171 182 Lostcabinian (Wa7) North 
90172 158 Lostcabinian (Wa7) North 
90173 158 Lostcabinian (Wa7) North 
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91242 149 Lostcabinian (Wa7) North 
91243 141 Lostcabinian (Wa7) North 
91244 777 Blacksforkian (Br1b) North 
92001 ? Gardnerbuttean (Br1a) North 
92003 ? Gardnerbuttean (Br1a) North 
92004 618 Gardnerbuttean (Br1a) North 
92005 798 Blacksforkian (Br1b) North 
92006 780 Blacksforkian (Br1b) North 
92007 603 Gardnerbuttean (Br1a) North 
92009 517 Gardnerbuttean (Br1a) North 
92010 525 Gardnerbuttean (Br1a) North 
92011 582 Gardnerbuttean (Br1a) North 
92012 541 Gardnerbuttean (Br1a) North 
92013 535 Gardnerbuttean (Br1a) North 
92014 551 Gardnerbuttean (Br1a) North 
92015 596 Gardnerbuttean (Br1a) North 
92016 567 Gardnerbuttean (Br1a) North 
92017 573 Gardnerbuttean (Br1a) North 
92019 761 Blacksforkian (Br1b) North 
92020 297 Graybullian (Wa3-5) North 
92021 485 Gardnerbuttean (Br1a) North 
92022 475 Gardnerbuttean (Br1a) North 
92024 589 Gardnerbuttean (Br1a) North 
92025 639 Gardnerbuttean (Br1a) North 
92026 570 Gardnerbuttean (Br1a) North 
92027 812 Blacksforkian (Br1b) North 
92028 -276 Graybullian (Wa3-5) North 
92029 438 Gardnerbuttean (Br1a) North 
92030 172 Lostcabinian (Wa7) North 
92031 -136 Graybullian (Wa3-5) South 
92138 465 Gardnerbuttean (Br1a) North 
92139 489 Gardnerbuttean (Br1a) North 
 
 
 
 
 
 
 
 
 
 
 
 315
APPENDIX C: Dispersed Organic Carbon Data. Stratigraphic level is measured relative 
the Goniobasis layer (see Chapter 2) and δ13C value is measured relative to the PeeDee 
belemnite. 
 
Sample# Strat Level (m) δ13C Value %C 
    
Section1    
07-184 -158.7   
07-185 -149.5   
07-186 -148.3 -23.26  
07-187 -146.1 -22.14  
07-188 -144   
07-189 -128.4   
07-190 -126.4   
07-191 -124.1 -24.36  
07-192 -120.4   
07-193 -116.6 -22.86  
07-194 -115   
07-195 -104   
07-196 -101 -23.76  
07-197 -92.5   
07-198 -82   
07-199 -65.5 -26.92  
07-200 -59.9   
07-202 -54.2 -24.1  
07-201 -53.2   
07-203 -50.4   
07-204 -49.5   
07-205 -46.4 -25.64  
07-206 -44.4 -25.16  
07-207 -39.3   
07-208 -35.4   
07-209 -19.6 -23.47  
07-210 -13.8 -22.8  
07-211 5.4   
07-212 8.4   
07-213 20.8   
07-214 25.4   
07-215 40   
07-216 48 -30.06  
07-217 55.6 -28.3  
07-218 60.5   
07-219 65.4   
07-220 71.5   
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07-221 81.4 -27.34  
07-222 85   
07-223 90.5 -26.06  
07-224 96.4   
07-225A 111.7 -25.48  
07-225B 136.2 -27.19  
07-226 156.8   
07-227 157.8   
07-228 162.1   
07-229 166.4   
07-230 171.8 -27.95  
07-231 179.4 -29.08  
07-232 184.4   
07-233 197.6 -28.87  
07-234 209.6   
07-235 213.1 -22.75  
07-236 220.8   
    
    
Section2    
Basal Cgl. -188.3 -23.65 0.03 
08-002 -141.4 -19.68 0.03 
08-003 -137   
08-004 -105   
08-005 -103.5   
08-006 -93.2   
08-024 -86.5 -21.78 0.19 
08-025 -81 -22.49 0.07 
08-026 -73.9 -23.07 0.14 
08-027 -70.5   
08-014 -68.6   
08-015 -66.6   
08-028 -63 -22.69 0.11 
08-029 -57   
08-030 -50.2   
08-031 -43.6 -26.83 0.46 
08-032 -37.6 -24.06 0.09 
08-033 -31.8 -23.58 0.12 
08-034 -25.8 -23.67 0.16 
08-035 -19.8 -23.67 0.36 
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08-036 -12 -23.47 0.09 
08-037 -7.2 -26.91 0.66 
08-038 -1.2 -23.06 0.18 
08-022 1.9   
08-041 3.9   
08-043 24.2   
08-044 30.8 -21.87 0.20 
08-045 41.3   
08-046 50.1 -24.96 0.20 
08-047 60.8 -25.14 0.29 
08-048 72.9   
08-049 79.1   
08-050 83.7   
08-051 133 -22.64 0.29 
08-052 139 -29.04 0.84 
08-053 146.3   
08-054 162.6   
08-055 163.1 -25.41 0.22 
08-056 192 -24.23 0.33 
08-057 198 -25.94 0.37 
08-058 206 -27.84 0.83 
08-059 217 -24.84 0.24 
08-060 226 -28.45 0.92 
08-061 236.4 -23.47 0.11 
08-062 240   
08-063 249.8   
08-064 273.3 -28.64 1.22 
08-065 282.8   
08-066 290 -29.67 0.99 
08-067 298 -28.94 0.34 
08-068 308 -23.92 0.08 
08-069 320 -25.92 0.28 
08-070 335.9   
08-071 339.7 -23.01 0.22 
08-072 340.9 -23.15 0.11 
08-074 341.3 -22.05 0.08 
08-075 345.9 -24 0.04 
08-076 348.5 -25.73 0.05 
08-077 352.2 -22.17 0.05 
08-078 354.3 -23.28 0.05 
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08-079 357 -22.8 0.04 
08-080 361.3 -23.3 0.07 
08-081 365.7   
08-082 369 -23.9 0.03 
08-083 373.5 -23.67 0.03 
08-084 373.9 -24.28 0.09 
08-085 374.5 -22.77 0.05 
08-086 380.4   
08-087 382.4 -22.44 0.04 
08-088 388.2 -23.78 0.03 
08-089 391.8 -22.23 0.05 
08-090 399.7 -21.23 0.13 
08-091 403.9 -21.14 0.06 
08-092 412.9 -20.51 0.04 
08-093 425.3 -21.86 0.05 
08-094 432.2 -21.09 0.03 
08-095 437.1 -21.01 0.05 
08-096 438.5 -22.42 0.04 
08-097 439.5   
08-098 440.4   
08-099 443.5 -28.5 1.20 
08-100 450.6 -22.02 0.09 
08-101 451.5 -20.81 0.05 
08-102 453 -22.03 0.05 
08-103 456 -21.54 0.03 
08-104 457.5 -22.33 0.04 
08-105 459.7   
08-106 461.3   
08-107 462.5 -24.32 0.08 
08-108 463.1 -27.89 0.30 
08-109 464.1 -26.32 0.12 
08-110 465.6 -28.3 1.71 
08-111 470.5 -21.75 0.24 
08-112 478.6 -27.37 0.25 
08-113 480.4 -26.76 0.34 
08-114 485.3 -22.49 0.05 
08-115 486.6 -23.7 0.08 
08-116 489.8 -27.35 0.12 
08-117 490.6 -24.32 0.48 
08-118 492 -23.54 0.14 
 319
 
APPENDIX C cont. 
 
08-119 492.7 -28.57 1.54 
08-120 496 -23.86 0.19 
08-121 499.2 -28.66 0.07 
08-122 501 -24.03 0.13 
08-123 502.9 -20.77 0.39 
08-124 503.9 -28.28 0.31 
08-125 507 -27.19 0.30 
08-126 512 -22.53 0.05 
08-127 515   
08-128 517.5 -28.25 0.50 
08-129 518.8   
08-130 520.2 -30.2 0.45 
08-131 523.8 -24.45 0.07 
08-132 530.7 -27.72 0.64 
08-133 536.4 -25.17 0.24 
08-134 537.4   
08-135 543.5 -27.76 4.55 
08-136 549.5 -22.43 0.38 
08-137 555.5 -25.41 1.72 
08-138 559.5 -25.51 0.20 
08-139 565.5 -26.22 1.79 
08-140 571.5 -27.48 0.35 
08-141 577.5 -28.03 0.31 
08-142 583.5 -24.36 0.07 
08-143 589.5 -24.37 0.39 
08-144 595.5 -26.18 0.20 
08-145 601.5 -28.59 1.43 
08-146 607.5 -26.12 0.34 
08-147 613.5 -25.59 0.92 
08-148 619.5 -24.78 0.11 
08-149 625.6 -26.54 0.46 
08-150 631.6 -28.71 0.86 
08-151 637.6 -27.9 0.28 
08-152 643.6 -27.88 0.58 
08-153 649.3 -25.28 0.11 
08-154 655.5 -25.61 0.11 
08-155 659.5 -26.27 0.06 
08-156 665.6 -29.63 0.77 
08-157 671.6 -29.03 0.62 
08-158 676.5 -25.16 0.16 
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08-159 681.8 -25.16 0.22 
08-160 690 -23.59 0.07 
08-161 695.3 -23.15 0.09 
08-162 697.2 -24.63 0.04 
08-163 698.5 -27.1 0.30 
08-164 699.3 -24.65 0.04 
08-165 706.1   
08-166 711.8 -24.32 0.04 
08-167 717 -24.87 0.03 
08-168 721 -25.56 0.05 
08-169 723.2 -24.42 0.06 
08-170 735.3 -24.34 0.03 
08-171 741 -24.1 0.08 
08-172 746.6 -24.05 0.04 
08-173 753 -24.59 0.06 
08-174 758.3   
08-175 763.3   
08-176 765.2 -22.91 0.04 
08-177 766.5 -28.98 0.59 
    
    
Section3    
07-147 -91.4 -24.04 0.02 
07-148 -89.4   
07-149 -85 -24.75 0.03 
07-150 -80.5   
07-151 -79 -23.8 0.03 
07-152 -77.5   
07-153 -76   
07-154 -73   
07-155 -70.5   
07-156 -69   
07-157 -66.4 -24.22 0.04 
07-158 -63.2   
07-159 -56.3 -24.79 0.04 
07-160 -49   
07-161 -44 -22.95 0.05 
07-162 -38 -23.47 0.05 
07-163 -32.8   
07-164 -29.4   
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07-165 -26.1   
07-166 -22.5 -24.21 0.05 
07-167 -20.3   
07-168 -14.3 -22.46 0.05 
07-169 -8.4   
07-170 -3.8 -25.01 0.03 
07-171 0.3 -24.61 1.62 
07-172 5.6   
07-173 10.9 -20.17 0.07 
07-174 13.1   
07-175 14.4   
07-176 16.9   
07-177 18.5   
07-178 26.5 -28.71 1.55 
07-179 34.6 -25.67 0.08 
07-180 38.8   
07-181 40.4   
07-182 41.6   
07-183 42.8 -25.52 0.06 
08-190 316.6   
08-191 324   
08-192 324.3   
08-193 325   
08-194 331   
08-195 336   
08-196 344   
08-197 349   
08-199 352.2   
08-200 355.3   
08-201 361.3   
08-202 368   
08-203 370.9   
08-204 380.6   
08-205 387.5   
08-206 392.6   
08-207 400.7   
08-208 407.5   
08-209 413.5   
08-210 419.5   
08-211 425.5   
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08-212 431.5  
08-213 437.5  
08-214 443.5  
08-215 450  
08-216 456  
08-217 462  
08-218 468  
08-219 474  
08-220 480  
08-221 486  
08-222 492  
08-223 498  
08-224 504  
08-225 506  
08-226 515  
08-227 521  
08-228 522.6  
08-229 528.6  
08-230 534.6  
08-231 540.6  
08-232 546.6  
08-233 552.6  
08-234 558.6  
08-235 564.6  
08-236 570.6  
08-237 577.2  
08-238 583.2  
08-239 585.9  
08-240 591.3  
08-241 593.3  
   
   
Section4   
08-312 703.5  
08-313 710.1  
08-314 713.1  
08-315 715.8  
08-316 718.7  
08-317 723  
08-318 729.7  
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08-319 733.7   
08-320 740   
08-321 746   
08-322 749.5   
08-323 757   
08-324 764   
08-325 771.8   
08-326 779.6   
08-327 783.2   
08-328 789   
08-329 792.5   
08-330 796   
08-331 798.9   
08-332 802.7   
08-333 810.5   
08-334 813.5   
08-335 814.8   
08-336 816.2   
08-337 818.6   
08-338 830   
08-339 836   
08-340 841.4   
08-341 843   
    
    
Section5    
08-242 397.8   
08-243 408.9   
08-245 417.6 -22.43 0.06 
08-246 422 -30.06 0.12 
08-247 431 -25.23 0.04 
08-248 439.4 -23.47 0.04 
08-249 441.7 -25.14 0.03 
08-250 441.9 -29.83 0.49 
08-251 444.2 -24.42 0.03 
08-252 451   
08-253 458   
08-254 465 -22.49 0.03 
08-255 471   
08-256 475.9 -26.53 0.04 
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08-257 476.3   
08-258 483.4 -25.92 0.72 
08-259 489.8 -29.86 4.00 
08-260 495.4   
08-261 500.5   
08-262 506.1   
08-263 512.9 -22.7 0.29 
08-264 516.9   
08-266 523.9 -22.62 0.06 
08-265 530 -21.5 0.05 
08-268 547.9 -23.67 0.02 
08-269 549.9   
08-270 553   
08-271 556 -24.72 0.14 
08-272 561 -24.89 0.02 
08-273 564   
08-274 569.8 -29.16 0.46 
08-275 575.8   
08-276 584   
08-277 585.4 -23.68 0.03 
08-278 587.5   
08-279 592.4   
08-280 594 -23.18 0.04 
08-281 599   
08-282 603 -24.69 0.04 
08-283 608 -23.96 0.05 
08-284 608   
08-285 614.4   
08-286 615.9 -23.19 0.04 
08-287 621.8 -25.35 0.04 
08-288 651.5 -29.5 1.34 
08-289 656 -29.69 2.11 
08-290 708.5 -21.6 0.05 
08-292 750.9   
08-293 756.5   
08-294 762.5   
08-291 774 -23.85 0.06 
08-295 774 -23.84 0.04 
08-296 777.6 -23.67 0.11 
08-297 784.7   
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08-298 791.5   
08-299 796.7 -22.53 0.26 
08-300 800.9 -25.14 0.04 
08-301 804.1   
08-302 812.4 -24.23 0.06 
08-303 818.1 -24.7 0.03 
08-304A 821.5   
08-304B 821.7   
08-305 827.1   
08-306 830 -24.81 0.05 
08-307 835   
08-308 838 -26.82 0.10 
08-309 840.7 -28.52 0.26 
08-310 845.5 -28.53 0.32 
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APPENDIX D: Laser Ablation Data. The stratigraphic level is measured relative to the 
Goniobasis layer (see Chapter 2), the δ13C values are measured relative to the PeeDee 
belemnite, and the δ18O values are measured relative to VSMOW. 
 
UCM Specimen# UCM Locality Strat Level (m) δ13C δ18O 
61047 89006 -225 -7.55 -11.49 
61038 87129 -199 -8.33 -12.13 
61067 87131 -169 -10.17 -12.38 
61085 87130 -165 -10.13 -13.97 
64927 87141 -141 -9.06 -10.81 
61140 86160 -130 -12.70 -13.74 
61156 86163 -127 -13.72 -12.75 
61654 85263 -121 -11.34 -11.07 
60095 85263 -121 -12.32 -14.09 
61658 85263 -121 -11.87 -15.34 
61659 85263 -121 -11.91 -13.77 
61190 86146 -110 -10.50 -11.60 
61252 86155 -110 -11.03 -12.63 
61238 86145 -107 -10.24 -11.37 
61268 86142 -82 -10.12 -13.34 
61275 86141 -79 -9.47 -11.64 
66505 87143 -75 -8.52 -11.67 
61332 87144 -75 -7.12 -9.78 
64996 87144 -75 -10.06 -13.31 
61344 86143 -71 -9.80 -12.50 
69109 87124 -71 -10.3 -12.74 
61402 86144 -61 -11.00 -13.99 
61430 87147 -46 -7.74 -10.97 
61429 87147 -46 -8.73 -10.72 
61462 86137 -27.5 -6.79 -12.02 
66917 92031 -16.5 -10.33 -13.60 
95978 92020 -54.5 -10.44 -13.16 
66547 91243 141 -4.35 -11.43 
66549 91243 141 -6.18 -12.41 
67510 91243 141 -2.26 -12.40 
66548 91243 141 -4.17 -12.37 
66546 91243 141 -5.43 -12.66 
66550 91243 141 -1.84 -12.87 
66557 91242 149 -5.34 -10.66 
61484 90173 158 -5.72 -12.29 
69158 92030 172 -7.04 -12.38 
66573 90171 182 -4.55 -11.23 
61508 90160 336 -8.18 -12.71 
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61521 90169 349 -7.17 -12.01 
66761 90164 410 -4.71 -12.61 
61584 90161 413 -1.71 -12.27 
61527 87122 432 -8.30 -11.80 
66820 92029 438 -2.99 -10.27 
61572 90163 444 -4.27 -12.38 
67500 92138 465 -5.01 -9.88 
61534 90162 493 -7.64 -11.65 
69160 92012 541 -6.00 -11.87 
66756 92015 596 -6.99 -11.72 
61537 90155 627 -5.00 -11.70 
66773 92006 780 -4.30 -12.08 
66901 92027 812 -7.36 -12.07 
66910 92027 812 -7.06 -11.34 
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APPENDIX E: Inferred locomotor habits from the literature for small mammal taxa 
from Raven Ridge.  
 
 
Arboreal Taxa Source 
Microsyops (Gunnell 1985) 
Absarokius (Gunnell et al. 2008c) 
Anemorhysis (Gunnell et al. 2008c) 
Apatemys (Koenigswald et al. 2005) 
Arapahovius (Gunnell et al. 2008c) 
Aycrossia (Gunnell et al. 2008c) 
Cantius (Gunnell et al. 2008c) 
Copelemur (Gunnell et al. 2008c) 
Ectypodus (Jenkins and Krause 1983) 
Ignacius (Silcox and Gunnell 2008) 
Loveina (Gunnell et al. 2008c) 
Miacis (Heinrich and Rose 1995) 
Notharctus (Gunnell et al. 2008c) 
Omomys (Gunnell et al. 2008c) 
Pelycodus (Gunnell et al. 2008c) 
Phenacolemur (Silcox and Gunnell 2008) 
Shoshonius (Gunnell et al. 2008c) 
Smilodectes (Gunnell et al. 2008c) 
Steinius (Gunnell et al. 2008c) 
Teilhardina (Gunnell et al. 2008c) 
Tetonius (Gunnell et al. 2008c) 
Uintanius (Gunnell et al. 2008c) 
Utahia (Gunnell et al. 2008c) 
Viverravus (Heinrich 2006) 
Vulpavus (Heinrich and Rose 1997) 
Washakius (Gunnell et al. 2008c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 329
APPENDIX E continued 
 
Non-arboreal Taxa Source 
Apheliscus (Archibald 1998) 
Bunophorus (Stucky 1998) 
Diacodexis (Stucky 1998) 
Haplomylus (Gingerich 1983a) 
Hyopsodus (Gazin 1968) 
Palaeosinopa (Rose and Koenigswald 2005) 
 
 
Unknown Locomotory 
Habits 
Source 
Arctodontomys (Gunnell 1985) 
Centetodon (Lillegraven et al. 1981) 
Didelphodus (Gunnell et al. 2008a) 
Herpetotherium (Korth 2008) 
Macrocranion (Krishtalka 1976a) 
Mimoperadectes (Korth 2008) 
Nyctitherium (Hooker 2001) 
Peradectes (Korth 2008) 
Scenopagus (Krishtalka 1976a) 
Talpavus (Krishtalka 1976a) 
Uintasorex (Gunnell 1985) 
Sciuravidae (Walton and Porter 2008) 
Ischyromyidae (Anderson 2008) 
Cylindrodontidae  (Walsh and Storer 2008) 
  
 
 
 
